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By  NAVSEA  ETA's  36018  of  24  April  1974,  36025  of  8 August  1974 
and  action  message  301432Z,  NAVSEC4ras  requested  to  investigate 
and  recommend  alterations  to  correct  th^'difficulties  being 
experienced  by  the  ASR's  21  and  22,  USS  PIGEON  and  ORTOLAN,  during 
deep  sea  mooring  operations.  The  difficulties  being  experienced 
by  the  ships  were  found  to  fall  in  the  following  categories:  ( 1 ) 


Anchor  chains  jumps  off  wildcat  during  payout 
operation^  C "O 

b^  Electric  motors  overload  and  stall  during  anchor 
retrieving  operations  in  1000  foot  of  water;  C 3 J 

Hydraulic  components  (pumps  and  motors)  and  fluid 
overheat;  £ /-/ j 

Wildcat  locking  head  do£a  travel  in  their  slots  causing 
"hammering-  on  the  anchor  windlasses;  Q H ■)  CSJ 

Wildcat  shafts  bushings  (bearings)  damaged  during 
operations. 


The  first  step  of  the  investigation  by  NAVSEC  was  to  define  the 
baseline  for  the  anchor  windlass  system  and  its  problems.  The 
problems  were  as  follows: 


1 . Anchor  Windlass  Design 


The  anchor  windlasses  aboard  USS  PIGEON  (ASR  21)  and  USS  ORTOLAN 
(ASR  22)  were  designed  by  Skagit  Corporation  in  accordance  with 
the  ASR  21/22  ships  specification.  Section  9260  of  that  document 
requires  standard  and  deep  sea  anchoring  systems.  In  the  deep 
sea  mooring  application  the  anchor  windlass  must  be  capable  of 
lowering  and  recovering  5,000  pound  LWT  anchor  plus  200  fathoms 
of  1-1/2"  diameter  anchor  chain  at  a speed  of  not  less  than  4 
fathoms  per  minute.  The  windlass  should  be  designed  in  accordance 
with  Military  Specification,  MIL-w-19623,  used  in  the  purchasing 
of  conventional  electric-hydraulic  windlasses.  The  specification 
was  deficient  by  only  specifying  the  duty  of  electric  motor  as: 
full  load  one  hour;  1/4  load  continuous;  and  also  by  not 
requiring  a deep  sea  mooring  testing.  Therefore,  it  is  believed 
that  the  manufacturer,  Skagit,  complied  with  the  ships  specifi- 
cations in  all  areas* 


2.  Anchor  Windlass  - ORTOLAN 


The  anchor  chain  jumps  off  the  forward  port  and  starboard  wildcats 
during  payout  operations.  These  abnormalities  hormally  begin 
at  the  sixth  to  eighth  shot  of  chain  on  the  deck.  According  to 
ORTOLAN  these  abnormalities  occur  only  when  the  forward  (port  or 
starboard)  5,000  pound  anchors  are  used.  It  was  concluded  by 
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NAVSEC  and  NAVSHIPYD  PHI  LA  that  the  junping  of  the  anchor  chain 
is  due  to  insufficient  wrap  (approxinately  115°)  of  the  anchor 
cht'in  on  the  wildcats.  Ir  normal  anchor  handling  arrangements 
the  anchor  chain  wrap  of  the  wildcat  is  180°*  At  the  request  of 
NAVSEA,  NAVSHIPYD  PHILA  designed  aid  NAVSHIPYD  NORVA  fabricated 
and  installed  aboard  ORTOLAN  a chain  guide  which  increased  the 
anchor  chain  wrap  on  the  wildcat  from  115°  to  125°.  Ship  check 
shows  however,  that  the  chain  guide  as  fabricated  does  not 
conform  with  the  drawing  requirements.  As  a further  improve- 
ment on  NAVSEC  recommendation,  ORTOLAN  eliminated  the  anchor 
chain  twist  between  the  wildcat  and  the  bitter  end  shackle  in 
the  chain  locker  and  reoriented  the  detachable  links  into  • 
horizontal  position  (links  flat  side  is  parallel  to  the  deck 
whan  passing  through  the  wildcat).  With  the  above  corrections, 
ORTOLAN  subjected  her  forward  windlasses  to  tests  on  30  July 
1974.  Test  results  show  that  the  starboard  windlass  could  not 
be  operated  due  to  hammering  of  the  traveling  locking  head  dogs 
in  their  engagement  slots.  ORTOLAN'S  previous  experience 
indicated  that  the  wildcat  shaft  bushings  were  damaged.  Therefore,  the 
sth. windlass  was  disassembled  and  forwarded  to  NAVSHIPYD  NORVA 
for  inspection  of  the  wildcat  shaft  bushings.  The  results  of 
this  inspection  did  not  reveal  any  deficiency  in  the  bushings. 

The  port  windlass  performed  etais facto rily  with  the  exception  of 
chain  jumping  the  wildcat  (22  times  during  30  shots  of  anchor 
chain  payout).  The  power  plant  of  the  port  windlass  operated 
satisfactorily  at  this  time.  There  was  no  overheating  of  any 
components  or  overloading  of  the  electric  motor.  The  highest 
temperature  recorded  was  134°F  on  the  hydraulic  pump  case, 
whereas  temperature  of  hydraulic  fluid  was  115°F.  The  Navy's 
maximum  permissible  hydraulic  fluid  temperature  is  180°F.  The 
highest  load  recorded  on  the  electric  motor  was  65  amps  while 
rated  full  load  operating  amperage  is  78.5  amps.  The  average 
speed  of  anchor  chain  recovery  was  about  5 fathom  per  minute. 

It  should  be  noted  that  the  above  operation  was  not  conducted 
at  required  sea  state  3 but  at  calm  sea  (sea  state  1).  Based  on 
the  above  data,  it  was  concluded  that  further  improvement  of  the 
chain  guide  will  eliminate  chain  jumping  off  from  wildcats. 

3.  Anchor  Windlass  - PIGEON 

On  8 October  1974,  PIGEON  subjected  her  forward  port  windlass  with 
the  Improved  chain  guide  (anchor  chain  wrap  on  the  wildcat  about 
IliO6)  to  a deep  sea  mooring  test.  The  test  was  conducted  in 
1,000  feet  depth  of  water  and  at  sea  state  1-1/2  - 2.  The  tests 
show  that  chain  started  to  jump  when  the  13th  shot  reached  the  deck. 

A check  of  the  anchor  chain  revealed  that  the  width  of  all 
common  links  of  the  13th  shot  measured  5-5/8"  whereas  NAVSEA 
Dwg.  805-2137659  specifies  5-3/8"  + 1/8".  Thus,  oversized  chain 
caused  the  chain  to  jump  in  this  situation.  Performance  of  the 
windlass  power  plants  was  satisfactory.  The  highest  oil  temperature 


recorded  was  164°F  and  the  highest  anperage  recorded  for  the  electric 
motor  was  68  amps.  During  this  test,  the  chain  guide  end  wildcat 
whelps  were  greased  with  graphite  grease  to  improve  the  chain 
mating  with  the  wildcat.  The  second  test  conducted  by  PIGEON  on 
17  October  1974  in  180  fathoms  of  water  and  sea  state  1 (calm 
sea)  revealed  an  oversized  detachable  link  which  precluded  proper 
mating  of  the  chain  on  the  wildcat.  The  maximum  hydraulic  fluid 
temperature  incurred  was  159°F  and  the  electric  motor  was 
momentarily  overloaded  by  drawing  80  and  83  amps. 
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M Calculations  of  Existing  System  Requirements 
1)  Sea  State  Conditions 


SEA  - C \ENt-RAL. 

(description) 


/ & A 

/ /i 

£//**% 


o 

SKA  LIKE  A MIRROR 

CALM 

0 

o 

o 

SMALL  WAVFLF  TS,  STILL  SHORT  BUT 

1 

MAPtF  MR OtlOUNC^O:  CKtCTS  HAVE  A 
liAS&r  ZlKPEnRAWCE . BUT  OO  NOT  BREAK. 

GENTLE 

1*1 

If 

1.0 

1 

LARGE  WAVE  IE  rS,  CRESTS  BTr,//V  TO 

BREEZE 

- 

3Rr/K,  FDA  <7  Of  GLASS/  APPEARANCE 

ft.ft 

2 

SMALL  WAVE?.  BE  Ctrl!  no  larger  . 

MODERATE 

I3RCEZC 

<1T 

i 3 

t 

FAiRLV  FgFQUf  WT  WHITE  HORSES. 

2T0 

*0.0 

j 

¥ 

MOOERAT*  WAVES.  TAh/WQ  A MORE 
PR GN’OOVCt-D  LONG  FORM!  MANY  MORE 

FRESH 

SM 

>9.0 

A.9 

WHTE  fie.VSftS  ARE  FORMFD. 

BREEZE 

figure  1 


2)  Holding  Puwer 

The  next  step  was  to  determine  the  holding  power  required 
for  each  sea  state  with  wind  and  current  both  coming  from  1J>° 
off  the  bow. 

The  wind  force  was  taken  from  Hydro  space  Research  Corpora- 
tion Report  No.  lUl  "ASR  Catamaran  Mooring.”  By  using  Figure 
3-1  a wind  from  1 5°  off  the  bow  will  have  a resultant  bearing 
which  is  then  transferred  to  figure  2-2. 

from  figure  2 0-  - l£°  ■ 1*6° 

from  figure  3 ■ U6° 
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figure  2 


WIND  FORCE  IN  THOUSANDS  OF  POUNDS. 
RESULTANT  WIND  FORCE  AS  A FUNCTION  OF 
ANGLE, £ , FOR  VARIOUS  WIND  VELOCITIES. 


figure  3 
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CURRENT  DIRECTION,  I*  , IN  DEGREES, 
figure  U 


CURRENT  FORCE  IN  THOUSAi.JS  OF  POUNDS. 
RESULTANT  CURRENT  FORCE  AS  A FUNCTION 
OF  ANGLE,  0,  FOR  VARIOUS  CURRENT 
VELOCITIES. 

figure  5 
11 
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Sea  State 

Wind  (Knots) 

Force  (lbs.) 

1 

8.5 

1,500 

2 

13.5 

2,300 

3 

16.0 

2,750 

1* 

19.0 

3,500 

figure  6 


The  current  force  was  also  taken  from  Hydro space  Research 
Corporation  Report  No.  ll*l.  By  using  figure  1*  a current 
from  15°  off  the  bow  will  have  a resultant  bearing  of  6dP  which 
is  then  transferred  to  figure  2-1*. 


from  figure  1*  ■ 15° 

from  figure  5 0 a 66° 

(1  knot) 

from  figure  5 [J  * 66° 

(2  knots) 


Q * 66° 

F - 2,000  lbs. 
F - 8,500  lbs. 


A combining  of  the  wind  and  current  data  generates  the 
following  resultant  forces. 


Sea  State 

Holding  ^ower  Required  (lbs  ) 

Wind 

Wind  + i knot  current 

Wind  + 2 knots  lur. 

1 

1500 

3500 

10,000 

2 

2500 

1*500 

10,800 

3 

2750 

1*750 

11,250 

1* 

3500 

5500 

12,000 

figure  7 

These  values  represent  the  loads  the  ASH  21/22  could  see  while 
in  a four  point  moor  recovery  mode  for  sea  states  1 through  1*, 
with  currents  ranging  from  0-2  knots. 
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DEPTH  OF  WATER  (FEET) 


3.  PLOT  OF  ANCHOR  CHAIN  CATENARIES 


The  figure  below  represents  the  computer  printouts  contained 
in  Appendix  A of  this  report.  The  weight  of  the  anchor  chain 
catenary  generated  by  the  various  holding  powers  imposed  on 
the  ship  will  then  be  useu  uo  determine  the  lifting  loads 
necessary  for  the  recovery  of  the  chain  in  various  sea  states 

, CATENARIES  OF  HOLDING  POWERS 


DISTANCE  OVER  BOTTOM  (FEET) 


o 


o 


n 


% Sea  State  Motions  and  Added  Mass 

When  sea  states  are  imposed  during  the  recovery  operation  the 
lifting  loads  will  naturally  increase  due  to  the  increased 
motions  of  the  ship  and  the  increased  wind.  The  motion 
analysis  will  be  done  at  station  B0"  for  roll  pitch  and  heave. 


Sea  State  0 - No  motions  assumed. 

Sea  State  3 - h ft.  waves  0 knots  current 


Motions 

Acceleration 

Heave 

Pitch 


1.8  fps 
2.0  ft/sec2 
1.3  fps  0 midships 
• 5 fps  © Sta.  "0" 


These  motions  were  taken  from  a NAVSEC  computer  program  of 
ship  motions  that  has  proven  quite  accurate  in  predicting 
motions  in  pitch  and  heave.  A reasonable  assumption  for  roll 
would  be  a value  equal  to  l.Uij  of  pitch. 


Distance  of  bolster  off  t 
Distance  of  Sta  ”0”  from  ffi 

The  roll  would  therefor  be: 

(1)  (.5)  (l.liU)  ( j|y- ) * .25  fps 

Motions  for  a sea  state  3 would  then  be: 

1.3  + .5  + .25  * 2.05  fps 

1.8  2 

Acceleration  *"7‘ 

1.8  X - (2.05)  (2) 

X ■ 2.277 


ho  ft. 
115  ft. 


(2)  a - 2.277  ft/sec2 

Sea  State  h 7 ft  waves  0 knots  current 

Motions  i*.0  fps  _ 

Acceleration  3-9  ft/sec^ 

Heave  1.9  fps  0 midships 

Pitch  2.1  fps  0 Sta  "0* 

Assuming  roll  to  be  l.Ui  of  pitch 

Distance  of  Bolster  off  t.  UO  ft. 
Distance  of  bolster  from  35  115  ft. 


1U 


| 


1 


The  roll  would  therefor  be: 

(3)  (2.1)  (l.lili)^)  - 1.052  fps 

Motions  for  a sea  state  1*  would  then  be: 

1.9  + 2.1  + 1.05  - 5«05  fps 

h 3 9 

Acceleration  ~~%7o%  * 

Ux  - (3-9)  (5-05) 
x - 1*  .9237  ft/Sec2 
(h)  a ■ lj.9237  ft/Sec2 

Added  Mass  of  the  Chain 


Discussions  with  the  Hydrodynamics  people  in  NAVSEC  indicated 
that  added  mass  values  of  160  lbs.  and  1000  lbs.  could  be 
expected  for  sea  states  3 and  h consecutively. 

Lift  Load  Requirements 

The  specifications  for  the  aSR  21/22  Gass  required  that  the 
windlass  machinery  be  capable  of  lifting  200  fathoms  of  lV 
high  strength  die  lock  chain  plus  a 5000  lb.  anchor. 

(5)  (1  shot  of  1 V chain  » 2,260  lbs.) 

200  fathoms  = 30,133  lbs. 

1 anchor  * 5.000  lbs. 

357nrrEsr 

(6)  (35,133)  x (.872)  - 30,636  lba. 

The  windlass  was  therefore  required  to  lift  an  equivalent  load 
of  30,636  lb3.  (outside  of  the  bolster). 


A vertical  lift  in  1,000  ft.  of  water  would  see  the  following 
load: 

,2260  . 

(7)  (1000)  (-90"  ) (-872)  - 21,896  lbs. 

A vertical  lift  in  1,000  ft.  of  water  with  motions  from  a sea 
state  3 imposed  on  the  ship  would  yield  the  following  lift 
loads: 

21  896 

L - (21,896)  + ("32". 2'  ) (2 .278)  + (160)  - 23,611  lbs. 
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(8) 


If  lifting  were  done  in  a sea  state  3 with  the  ship  being  set 
down  by  wind  the  scope  of  the  chain  would  be  increased  to 
1,119  ft.  The  new  lift  load  would  be: 

S - (1,119)  (^2_)(. 872)  = 2U,503  lbs. 

(9)  L * (2l*,600)  +(^|y|)(2.278)  + (160)  - 26,1*93  lbs. 

If  the  lift  were  done  in  a sea  state  3 with  the  ship  being 
set  down  by  wind  and  a 2 knot  current  the  scope  of  the  chain 
would  increase  to  1,1*25  ft.  The  new  lift  load  would  be: 

S - (11*25)  (^-)(. 872)  = 31,203  lbs. 

(10)  L - (33,080)  ♦(^i|2)(2.278)  + (160)  «=  35,1*1*7  lbs. 

Repeating  the  process  for  sea  state  1*  conditions  - for  a verti- 
cal lift  the  recovery  loads  are: 

(11)  L - (21,896) *(3J2i)(l*. 9237)  ♦ (1000)  - 26,21*1*  lbs. 

JC.  m C. 

For  a sea  state  1*  recovery  with  wind  setting  the  ship  down  the 
scope  increases  to  1,11*9  ft.  The  resulting  lift  load  is: 

S * (1,11*9)  (2^2_)  (.872)  = 25,159  lbs. 

(12)  L * (25,31*0)  ♦(-§^r)(U-9237)  + (1,000)  - 30,187  lbs. 

For  a sea  state  1*  recovery  with  wind  and  a 2 knot  current  set- 
ting the  ship  down  the  chain  scope  increases  to  1, 1*1*9  ft.  The 
resulting  lift  load  is: 

S - (11*1*0) (-^)(. 872)  = 31,1*28  lbs. 

(13)  L - (33,810)  +(iZ|£)(l* .1*237)  + (1000)  ° 39,661  lbs. 

If  the  chain  were  lifted  in  a calm  sea  with  two  knots  of 
current  the  scope  would  be  1,331  ft.  md  the  recovery  loads 
would  be: 

(Hi)  L ■ (1331.) (2|60_)  (.872)  = 2 9,11*1*  lbs. 


These  valuoo,  platted  in  figure  9,  represont  the  loads  that  will 
be  seen  during  various  chain  recovery  conditions.  They  all  assume 
that  the  ship  is  dead  in  the  water  and  no  effort  is  being  made  to 
lessen  the  load  on  the  anchor  chain.  By  the  same  token  the  load 
can  be  reduced  by  steaming  up  on  the  anchor  chain  and  thus  short- 
ening the  chain  catenary. 
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LOAD  SEEN  OUTSIDE  OF  BOLSTER  (LBS.) 


5.  SEA  STATE  RECOVERY  REQUIREMENTS 


SEA  STATE 


figure  9 
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Q u I 

j 

IV  PRESENT  CAPABILITIES  OF  THE  U POINT  MXR  RECOVERY  SYSTEM 
1 . Determine  bolster  efficincies 

The  bolster  efficiencies  were  done  on  the  ASR  22  while  she  was  in 
drydock  at  the  Philidelphia  Naval  Shipyard.  The  tests  themselves 
were  done  by  placing  weights  on  the  drydock  floor  and  lifting  them 
with  the  anchor  chain  the  same  way  it  is  done  in  operation.  To 
determine  the  efficiency  of  the  bolster  itself  load  cells  were 
placed  in  the  chain  before  and  after  the  bolster  to  obtain  the 
differential  load  in  the  chain  as  it  passed  over  the  bolster.  This 
test  is  described  in  the  following  section. 


O 
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2.  Forward  bolster  efficiency  test 


RIGGING  ARRANGEMENT  FOR  FORWARD  STARBOARD 
BOLSTER  EFFICIENCY  TEST 
figure  10 


TEST  SEQUENCE 


TEST 

DESCRIPTION 

REMARKS 

TIME 

-r 

i. 

Calibration 

13:29 

2.  ! 

Heave  in 

13:55 

3*  ! 

up 

Up  Speed  Setting  1 

13:55 

u. 

Down 

Down  Speed  Setting  2 

5.  i 

Up 

Up  3 

6. 

Down 

Down  2 

! 

| 

7-  ! 

Up 

STALL  | 

! 

8. 

up 

STALL  j 

9. 

10. 

Down 

Up 

1 

STALL 

i 

11. 

12. 

Down 

Up  j 

STALL 

13- 

Down 

i 

1U. 

UP 

STALL 

i 

15. 

UP 

Up  U 
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U 

16. 

i Down 

Down  h 

17. 

Up 

STALL 

18. 

Down 

JOG 

19. 

up 

JOG 

20. 

Down 

21. 

UP 

22. 

Down 

23. 

Up 

JOG 

2li. 

Down 

Down  & Up 

25. 

Down 

JOG 

26. 

up 

STALL 

27. 

Down 

28. 

UP 

STALL 

29. 

Hold 

30. 

Down 

JOG 

31- 

UP 

Up  il 

32. 

Down 

33. 

UP 

Up  U STALL 

3U- 

Down 

Up  ii  STALL 

35. 

Up 

36. 

Down 

37. 

Up 

STALL  - HOLD 

38. 

Down 

39- 

Up 

STALL 

liO. 

Down 

Ul. 

Up 

STALL 

U2. 

Down 

ii3. 

UP 

STALL 

Jill. 

Down 

7 Seconds 

Ji5. 

UP 

Up  1 STALL 

Ji6. 

Down 

Down  2 5 Seconds 

Ji7. 

UP 

Up  Jl  STALL 

Ji8. 

Down 

Wet  Bolster  Up  1 

Ji9. 

Up 

Up  li  STALL 

50. 

Down 

Down-Up  ii  STALL 

51. 

Down 

JOG 

52. 

UP 

STALL 

53. 

Up 

Up  li  STALL 

51i. 

Up 

STALL 

55. 

UP 

STALL 

56. 

Down 

Weight  reduced  to  23  >000*  < 

57. 

Changing  Weights 

58. 

Up 

Dry  Bolster  Up  2 

59. 

Up 

Down  li 

60. 

Down 

61. 

Up 

Up  li 

62. 

Down 

Down  li 

63. 

UP 

Wet  Bolster  Up  li 

61i. 

Down 

Down  li 

65. 

UP 

Dcwn 

Up  li 

66. 

Down  li 
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TEST  WEIGHT  SHOWN  AT  BOTTOM 
OF  DRYDOCK  READY  FOR  HOOK 
UP  TO  LIFTING  CHAIN. 

figure  1 1 


TEST  WEIGHT  LOAD  CELL 
SHOWN  IN  POSITION  READY 
TO  HOOK  UP  TO  TEST  WEIGHT 
BY  PLATE  SHACKLE  SHOWN  IN 
PHOTO  ABOVE.  WIRE  STRAPS 
WERE  USED  TO  TAKE  UP  FAIR- 
LEAD  DIFFERENCES  BETWEEN 
FORE  AND  AFT  BOLSTERS. 

figure  12 
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TOPSIDE  IN-HAUL  LOAD  CELL  RATED  AT  100,000  LBS. 


figure  13 


OUTBOARD  TEST  WEIGHT  LOAD 
CELL.  RATED  AT  100,000  LBS. 

figure  1h 


Apffr. 


CONDITION  OF  THE 
STARBOARD  FWD  1 
BOLSTER  BEFORE  THE 
TEST  RUNS  WERE 
STARTED. 


CONDITION  OF  THE 
STARBOARD  FWD  BOLSTER 
AFTER  THE  TEST  RUNS 
WERE  COMPLETED. 


A * 

r . 

■ 
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I ~ 1 

2 tfl 

Q f 1 

EW  / 
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r *1111 

1 1 
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Bf 

1 JVB  > kiftffP 

Ikjji  ■ i f | | 

Irf 

WhL  r 

I " / 

& • . 

• • 

t * T AY 

; 

STARBOARD  FWD  BOLSTER 
AFTER  TEST  RUNS  WERE 
COMPLETED. 


figure  17 


STARBOARD  FWD  BOLSTER  IN 
THE  RIGGED  CONDITION  PRIOR 
TO  TEST  RUNS. 


figure  1 8 


1 a 

m 7.  m 

, 

% 

THE  INHAUL  LOAD  CELL  WAS  INSTALLED  AS  SHOWN.  THE  EXfRA 
LOAD  FROM  THE  WILDCAT  ( BEING  USED  AS  AN  IDLER)  WAS 
SUBTRACTED  FROM  THE  FINAL  READINGS. 

figure  19 


THE  HAULING  FORCE  FOR 
THE  LIFT  TEST  WAS  PROVIDED 
BY  THE  ACROSS  DECK  WINDLASS. 
THE  LENGTH  OF  THE  RUN  WAS 
TIMED  THUS  GIVING  SPEED 
VALUES. 


figure  20 


25 


J 


u 


TEST 

DESCRIPTION 

REMARKS  ! TIME 

85. 

Start 

Wildcat  Idler  Efficiency  Test 

86. 

Flat 

i 

I 

87. 

Flat 

1 

i 

88. 

Flat 

1 

i 

89. 

Flat 

1 

90. 

Flat 

STOP 

Si 

Flat 

2nd  Test 

92. 

Flat 

93. 

Flat 

9h. 

Flat 

95. 

Flat 

96. 

Flat 

t 

I 

97. 

Flat 

I 

98. 

Flat 

99. 

Peak 

100. 

Peak 

101.  1 

Flat 

102. 

Flat  | 

103. 

! Flat  i 

10U. 

Flat 

1 

105. 

Flat 

• 

106. 

Flat 

t 

107. 

Flat  ; 

1 

108. 

Flat 

109. 

Stop 

110. 

Start 

Wildcat  Idler  Efficiency 

111. 

Peak 

112. 

Peak/Flat 

i 

113. 

Flat  ! 

nil. 

Peak/Flat 

115.  j 

| Series  Peaks/Flats  . 

i 

116. 

; Flat 

117.  ; 

Flat 

118. 

End 

o 
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119. 

Start 

STALL  Tests 

120. 

UP  (1) 

121. 

Up  (2) 

122. 

Up  (3) 

2nd  Test 

123. 

End/start 

12U. 

UP  (1) 

125. 

Up  (2) 

126. 

UP  (3) 

127. 

Up  (U) 

3rd  Test 

128. 

End/start 

129. 

Up  (1) 

130. 

Up  (2) 

131. 

Up  (3) 

132. 

133. 

Up  (U) 
End/start 

lith  STALL  Test 

13U. 

UP  (1) 

135. 

Up  (2) 

136. 

137. 

UP  (3) 

' UP  (U) 

End  STALL  Test 

WILDCAT  EFFICIENCY  TEST. 
LOAD  CELLS  WERE  INSTALLED 
ON  BOTH  SIDES  OF  WILDCAT. 
ONE  IN  THE  CHAIN  RUN  AND 
THE  OTHER  AT  THE  CONNECTION 
OF  THE  SYNTHETIC  LINE. 

figure  22 


A RUNNING  LOAD  FOR  THE  TEST  WAS  ACCOMPLISHED  BY  HAULING  IN  ON  THE 
CHAIN  AND  THE  SYNTHETIC  LINE  AT  THE  SAME  TIME.  THE  SYNTHETIC  LINE 
WAS  SLIPPED  OVER  THE  CAPSTAN  CREATING  A BACK  TENSION. 


figure  23 
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RIGGING  ARRANGEMENT  FOR  AFT  FORT 
BOLSTER  EFFICIENCY  TEST 
figure  26 


TEST 

DESCRIPTION 

REMARKS 

TIME 

138. 

Start  of  Port  After  Bo: 

s ter 

16:37 

139. 

Up  (1) 

HiO. 

Heave  Up 

mi. 

Heav  Up  Both  Wildcats 

11*2 . 

Chain  Slipped 

1U3. 

Heave  Up 

mu. 

Down 

1 

11*5. 

Heave  Up 

1U6. 

Down 

1U7. 

up  (U) 

1U8. 

Down  (U) 

m9. 

UP  (U)  Wet 

150. 

Down  (U) 

151. 

up  (U) 

152. 

Down  (U) 

193. 

UP  (2) 

STALLED 

15U. 

Down 

155. 

Up  - STALL 

156. 

Down 

157. 

UP  (U) 

158. 

Down  (U) 

159. 

Up  (U) 

STALL 

160. 

Down 

161. 

Up  (U) 

STALL? 

1 

162. 

UP  (U) 

STALL  (Damp) 

1 

163. 

Up  (U) 

STALL 

I 

1 

16U. 

Down/Up 

i 

165. 

Up  (U) 

STALL 

166. 

Down 

1 
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PORT  AFTER  BOLSTER 

SHOWING  THE  ANCHOR 

CHAIN  GOING  AROUND 

THE  IDLER  AND  OVER  THE^BSLffaf 

BOLSTER.  THE  BOLSTER  mTytSJ 

HAS  BEEN  CLAD  WITH 

HARDENED  MATERIAL  BY  W 4 

ELECTRIC  ARC  WELDING.  THIS  WJT 

CLADING  WOULD  ORDINARILY  BE 

GROUND  SMOOTH  AFTER  WELDING.  ~ 

THIS  WAS  NOT.  AT  THE  TIME 

OF  TESTING  THE  CHAIN  HAD  AL-  \ 

READY  WORN  GROOVES  THRU  THE 

CLADING  SO  FRINDING  IS  NO  LONGER 

NECESSARY. 


figure  27 


RIGGING  OF  THE  STARBOARD  AFT  BOLSTER  PRIOR  TO  TEST 
RUNS.  THIS  SHOWS  FAIRLEADING  REQUIRED  TO  INSTALL  THE 
100K  LOAD  CELL . THIS  TEST  WAS  CANCELED  DO  TO  A FROZEN 
IDLER.  UNSUCCESSFUL  ATTEMPTS  WERE  MADE  TO  BREAK  IT 
FREE.  THE  1EST  WAS  MOVED  TO  THE  PORT  SIDE  WHERE  THE 
SAME  ARRANGEMENT  WAS  USED. 

figure  28 
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WISER  OF  LOAD  IMPULSES 


V 


Based  on  the  efficiencies  determined  in  the  bolster  tests  the 
lift  capacity  of  the  windlasses  aboard  the  ASR  22,  with  a pressure 
relief  setting  of  3500  psi,  is  as  shown  below: 


EXISTING  WINDLASS  LIFT  CAPACITY  FOR  ASR  22 
(3500  PSI  RELIEF  VALVE) 


SEA  STATE 

figure  29a 
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V CONCLUSIONS 

An  analysis  of  Che  above  deficiencies,  the  anchor  windlass 
design  information,  and  the  available  test  data,  lead  NAVSEC 
to  the  following  conclusions: 

A.  Anchor  Chain  Jumpin;;  on  the  Wildcat 

Insufficient  anchor  chain  wrap  is  the  primary  cause  for  chair, 
junping  on  the  wildcat.  The  secondary  cause  is  twist  of  the 
chain  between  the  wildcat  and  the  chain  locker  bolster  and 
orientation  of  the  detachable  links  with  the  wildcat.  The  effect 
of  the  anchor  chain  twist  and  the  detachable  link  orientation 
has  been  experienced  on  other  ships,  the  difference  baing  that 
the  deficiency  was  less  pronounced  since  less  chaiu  load  was  being 
applied.  In  addition  to  the  above,  a factor  causing  the  chain 
to  jump  is  the  fact  that  the  strain  on  the  anchor  chain  between 
the  wildcat  and  chain  locker  is  substantially  lower  than  the 
strain  in  tho  chain  between  the  wildcat  and  anchor.  High  strain 
in  a chain  ordinarily  causes  better  engagement  of  the  chain  with 
the  wildcat  as  observed  during  anchor  chain  retrieval  operations. 
The  best  solution  to  preclude  the  anchor  chain  jumping  would 
be  to  redesign  the  anchor  handling  systems  to  provide  a 180° 
chain  wrap  on  the  wildcat  or  to  increase  strain  in  the  anchor 
chain  from  the  chain  locker  to  the  wildcat  for  better  chain 
engagement.  Both  these  solutions  are  expensive  alterations. 

NAVSEC  believes  that  further  improvement  of  the  chain  system 
by  (1)  further  lncreise  of  the  anchor  chain  wrap  angle, 

(2)  eliminating  twit t in  the  anchor  chain  between  wildcat  and 
the  bitter  end  shackle  in  the  chain  locker,  (3)  orienting 
all  "D"  links  so  that  their  flat  surfaces  are  in  the  plane 
parallel  to  the  deck(  (A)  ensuring  that  the  centerline  of  the 
anchor  chain  on  the  deck  tray,  chain  guides,  and  the  wildcat 
are  on  the  same  level,  (5)  and  greasing  the  wildcat  whelps  chain 
guide  and  deck  tray  before  each  operation  will  rectify  the 
problem.  The  difficulty  of  anchor  chain  retrieval  can  be 
resolved  by  increasing  tolerances  in  the  horizontal  groove 
(parallel  to  deck)  of  the  chain  guide  and  ensuring  that  the 
centerline  of  the  anchor  chain  between  wildcat  and  hawsepipe 
is  on  the  same  level.  If  further  difficulties  are  encountered 
the  chain  guide  can  be  redesigned  so  that  it  can  be  partially 
or  conj>letely  removed  during  anchor  chain  retrieval  evolution. 

B.  Electric  Motor  Overload  and  Stall 

The  tests  conducted  and  recorded  by  PIGEON  and  ORTOLAN  do  not 
Indicate  an  overload  or  stall  of  the  electric  motors  except 
for  two  surge  loads  recorded  by  PIGEON  during  her  17  October 
1974  forward  port  windlass  test.  As  stated  above,  tests  were 
not  conducted  at  jea  state  3,  but  at  sea  state  1 or  2.  The 
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surges  of  amperage  experienced  by  PIGEON  on  17  October  l‘.<74 
were  80  amps  and  83  amps.  These  surges  indicate  that  electric 
motor  was  overloaded  1.5%  and  5.1%  respectively.  Such  overloads 
are  negligible  since  electric  motors  can  be  overloaded  momentarily 
as  high  as  200^  of  the  rated  full  HP.  load.  It  should  be  noted  that 
such  overloads  are  not  critical  if  they  are  not  continuous.  As 
far  as  electric  motor  stall  is  concerned  (reported  by  ORTOLAN 
verbally)  there  is  no  possibility  of  this  happening  unless  the 
main  pressure  relief  valve  and  the  horsepower  limiter  are  set 
above  4,000  psig  and  3500  pslg  respectively.  According  to  the 
technical  manual  for  the  windlass  the  main  pressure  relief  valve 
is  set  at  3500  psig  and  the  horsepower  limiter  at  3000  psig. 

These  settings  preclude  a stall  of  the  electric  motor  since  any 
of  the  overloads  that  could  occur  would  cause  the  pressure  relief 
valve  to  lift  thus  protecting  the  motor  from  any  additional 
overload.  It  is  believed  that  the  main  relief  valves  and 
horsepower  limiters  on  ORTOLAN'S  anchor  windlass  are  set  in 
accordance  with  the  machinery's  technical  manual.  PIGEON  has 
not  reported  any  electric  motor  problems.  Investigation  reveals 
that  relief  valves  and  horsepower  i (.miters  aboard  PIGEON  are 
set  at  4,500  psig  and  4,000  psig  per  a NAVSHIPYD  HUNTERS  POINT 
alteration.  This  must  be  corrected  by  adjusting  the  maximum 
settings  to  4,000  psig  for  the  relief  valve  and  3,500  psig  for 
the  horsepower  lladter  to  prevent  a possible  electric  motor 
stall. 

C.  Hydraulic  Components  (Pump,  Motors)  and  Fluid  Overheat 

There  is  no  test  data  indicating  that  the  hydraulic  components 
or  that  the  fluid  overheats.  All  records  show  that  the 
temperatures  and  hydraulic  fluids  are  within  the  operating  limits. 
It  should  be  pointed  out  that  the  windlasses  were  tested  at  sea 
state  1 and  2 and  not  at  sea  state  3 at  which  the  windlasses 
must  be  operable.  Therefore,  the  forward  windlasses  should  be 
tested  at  sea  state  3 and  all  performance  data  (electric  motor 
amp,  volts,  temperature  of  hydraulic  pump  motor,  fluid  and 
ambient)  recorded.  Based  on  this  Information,  the  need  for  a 
cooler  can  be  determined.  Without  this  Information  the  size 
of  the  cooler  can  be  only  estimated  by  assuming  that  50%  of  the 
horsepower  of  the  hydraulic  motor  is  converted  to  heat. 

Therefore,  for  the  present  anchor  handling  system,  it  is  estimated 
that  a 1,000  Btu  cooler  could  be  used. 

D.  Travel  of  Wildcat  Locking  Head  Dogs  in  the  Slots 

ORTOLAN  is  the  only  ship  experiencing  this  abnormality.  Investi- 
gation of  this  deficiency  shows  that  it  can  be  caused  by  dragging 
of  either  the  handbrake  or  the  hydraulic  brake  (brake  linings  are 
not  completely  released).  Also,  this  abnormality  could  be  caused 
by  wildcat  shaft  bushing  distortion,  insufficient  tolerance  between 
beshings  and  wildcat  shafts,  or  by  too  much  deflection  of  the 
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wildcat  shaft  during  operation.  All  these  causes  should  be 
Investigated  to  resolve  the  problem. 

E.  Wildcat  Shaft  Bushings  Damaged 

The  wildcat  shaft  bushings  were  damaged  only  aboard  ORTOLAN.  It 
Is  believed  that  their  damage  was  caused  by  hammering  of  the 
wildcat  locking  head  dogs.  Resolution  of  locking  head  dogs 
hammering  will  preclude  wildcat  bushing  damage. 

F.  Anchor  Windlass  System 

Review  of  the  anchor  windlass  design  calculations  shows  that  the 
anchor  windlass  was  designed  to  handle  a load  of  47,130  pounds. 
This  load  Included  the  weight  of  200  fathoms  of  anchor  chain, 
anchor  plus  bolster  friction.  For  calculations  of  bolster 
friction,  the  manufacturer  assumed  a bolster  efficiency  of  65%. 

No  loads  due  to  sea  state  or  currents  were  included  in  the 
design  of  the  anchor  windlass.  The  validity  of  the  bolster 
efficiency  of  65%,  was  questioned.  NAVSEC/NAVSHIPYD  PHILA  was 
tasked  to  determine  bolster  efficiencies  aboard  ASR  21/22  Class 
ships.  Their  findings  Indicate  that  the  forward  deep  sea 
mooring  bolster  efficiency  is  62%  whereas  aft  bolster  efficiency 
Is  47%.  Further,  the  maximum  load  outside  of  the  bolster  at 
sea  state  3,  when  the  chain  is  lifted  vertically  (no  catenary  in 
the  chain),  is  about  23,6000  poinds.  The  load  in  sea  state  3 
with  catenary  lift  Is  about  26,200  pounds,  and  the  load  in  sea 
st*'~e  3,  plus  2 knots  current,  with  catenary  Is  about  35,500 
pounds  as  shown  on  figure  (9).  Assuming  that  the  NAVSEC/ 

NAVSHIFYD  PHILA  test  data  is  correct,  the  present  windlass 
should  have  no  difficulty  raising  vertically  the  fwd  and  aft 
anchors  and  chains  at  sea  state  3.  See  figure  (9).  The 
capability  of  the  anchor  windlass  to  raise  the  fwd  and  aft  anchors 
and  chains  at  sea  state  3 with  catenary  is  marginal,  whereas 
the  recovery  of  the  anchor  and  chain  at  sea  state  3,  2 knots 
current  with  catenary  is  inqiossible  since  the  prime  mover 
electric  motor,  must  be  of  the  91  HP  capacity.  Further, 
investigation  reveals  that  the  present  anchor  windlass 
capability  can  be  increased  by  setting  the  main  pressure 
relief  valve  at  4,000  psig  and  horsepower  limiter  at  3,500  pslg. 
These  settings  have  been  concurred  by  the  windlass  manufacturer. 

In  view  of  the  forgoing,  there  is  no  need  for  modification  of 
anchor  windlass  if  the  operational  procedure  is  imposed  on  the 
ships  to  retrieve  their  anchors  and  anchor  chains  at  sea  state  3 
vertically  or  at  lower  sea  state  (1-2).  If  the  anchor  windlasses 
must  have  the  capability  of  retrieving  anchor  chains  at  sea 
state  3,  3 knots  current  and  with  catenary,  then  the  prime  movers 
must  be  upgraded  to  100HP  (91  HP  is  required),  sain  pressure 
relief  valve  set  at  4,500  psig,  horsepower  limiter  set  at  4,000 
pslg,  filtering  system  upgraded,  and  a cooler  added. 
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VI  RECOMMENDATIONS 


In  view  of  the  above,  it  is  recommended  that  NAVSHIPYD  PHILA 
performs  the  following: 

A.  Anchor  Chain  Jumping  on  Wildcat 

(1)  Verify  each  anchor  chain  comoon  link  and  Detachable 
link  for  proper  dimensions. 

(2)  Ensure  that  there  is  no  twist  in  the  anchor  chain 
between  wildcat  and  bitter  end  shackle. 

(3)  Ensure  that  all  Detachable  links  are  vertically  position 
positioned  (perpendicular  to  the  wildcat). 

(4)  Install  a chain  guide  at  a position  which  will  provide 
maximum  chain  wrap  on  the  wildcat. 

(5)  Each  ship  must  grease  wildcat  whelps,  chain  guide,  and 
deck  tray  before  each  operation. 

(6)  Ensure  that  the  centerline  of  the  anchor  chain  on  the 
wildcat,  the  chain  guide,  and  the  deck  tray  in* on  the  same  level. 

(7)  Increase  tolerances  for  the  horizontal  groove  parallel 
to  the  deck  on  the  chian  guide. 

(8)  Redesign  chain  guide  to  make  it  partially  or  totally 
removable  during  anchor  chain  retrieval. 

(9)  Test  above  fixes  by  operating  anchor  windlasses  at 
1,000  foot  depth  of  water  and  at  sea  state  3 while  powering 
out  30  shots  of  chain. 

B.  Electric  Motor  Overload and  Stall 


(1)  Test  anchor  windlass  at  1,000  feet  water  and  at  sea 
state  3 to  determine  overloads  by  powering  out  30  shots  of  chain 
and  record  necessary  data. 

C.  Hydraulic  Components  and  Fluid  Overheat 

(1)  The  same  at  paragraph  b(l)  above. 

(2)  Set  main  pressure  relief  valve  at  4,000  psig  and  HP 
limiter  at  3,500  psig. 
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Improved  windlass  performance  at  UOOO  psi  setting 


SEA  STATE 
figure  30 


D.  Travel  of  Locking  Head  Dogs  in  Their  Slots 

(1)  Investigate  performance  of  the  hydraulic  brake. 

(2)  Investigate  adequacy  of  the  present  tolerances  used 
between  wildcat  shaft  bushings  and  shaft. 

(3)  Investigate  wildcat  shaft  deflection  under  the 
anticipated  loads. 
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EMERGENCY  SYSTEM  FOR  MOORING  LEG  RECOVERY 


The  emergency  system  for  mooring  leg  recovery  is  to  be  used  when 
deep  mooring  coupled  with  high  sea  state  excedes  the  capability 

of  the  standard  one  wildcat  recovery  mode. 


RECOVERY  OF  AFTER  MOORING  LEG  USING  TWO  WILDCATS 

AFT 


RECOVERY  OF  FOWARD  MOORING  LEG  USING  TWO  WILDCATS  AND  PORTABLE  CHAIN  GUIDE 


AFT 


figure  32 
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LOAD  SEEN  OUTSIDE  OF  BOLSTER  (LBS.) 


crossrig  mode. 


pcity) 


The  lifting  capacity  over  the 
aft  bolster  is  shown  as  a 
range  because  of  the  num- 
ber of  variables  that  come 
to  bear  in  calculating  the 
the  hauling  capacity  of  a 
wildcat  that  does  not  have 
a wrap  of  180°. 

The  forward  bolster  cross- 
rig chart  is  not  shown  here 
because  it  is  in  excess  of 
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the  aft  bolster  and 
is  not  envisioned  as 
being  needed  except 
for  the  case  of  a 
windlass  failure. 
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APPENDIX  A 

COMPUTER  PRINTOUT 
OF 

CHAIN  CATENARIES 


O 

A1 


mmae 


T (height  off  bottom) 
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The  following  is  a computer  printout  of  the  chain  catenaries  gen- 
erated by  an  ASR  21/22  class  ship  when  moored  in  1000  feet  of 
water.  The  catenaries  depict  mooring  loads  ranging  from  1,500 
lbs.  to  12,000  lbs..  A graphic  display  of  the  printout  is  shown 
below. 
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460.6 

61.52 

lul73.35 

10062.16 

160.42 

<*09.62 

472.7 

61.74 

10435.32 

10326.95 

162.15 

<.21.02 

4 64.8 

61.94 

10697.44 

10591. 75 

163.62 

43  3,  G? 

497.6 

62.13 

10959.68 

10656. 54 

185.46 

445.63 

509.1 

62.32 

11222.04 

11121.33 

167. „7 

457.05 

721.2 

82.50 

11484.51 

11386.13 

166.64 

•♦69.07 

533.3 

62,66 

11747.06 

11650.9? 

193.16 

461.79 

545.4 

62.63 

123  09.76 

11915. 72 

191.66 

493.12 

557.6 

62.96 

12272.52 

12180.51 

193.  13 

5u5. 15 

569.7 

83.13 

12535.37 

12445.33 

194.96 

517.19 

581.8 

83.27 

12799.33 

12710.13 

J.95.07 

529.23 

5 97.9 

63. >.1 

I3u6 1 • 31 

12471..  99 

197.45 

541.27 

606.1 

83.54 

13324.33 

13239.66 

196.70 

554.31 

618.2 

83.66 

1358  7.53 

13504.46 

230.02 

565.3o 

63C.3 

83.79 

13850.73 

13769.27 

201.32 

577.41 

642.4 

83.90 

14114.39 

14034.0/ 

202.65 

589.  <*7 

654.5 

84.31 

14377.32 

14298.86 

A3 


2mj.9!> 

601.92 

666.7 

205.1(5 

61 3. 5o 

676.6 

2uo. 29 

625. 64 

690.9 

207.45 

637.71 

703.9 

208.65 

649. 77 

715.1 

209.80 

661.84 

727.3 

210.93 

673.90 

739.4 

212.06 

o65.97 

751.5 

210.13 

696.05 

763.6 

214.21 

716.12 

775.7 

215.27 

722.19 

787.9 

216^32 

734.27 

600.0 

217.34 

746. 35 

812.1 

218.36 

758.43 

624.2 

219.36 

770.51 

636.4 

220.34 

762.59 

646.5 

221.31 

794.67 

66.  .6 

222.27 

836.75 

672,7 

223.2a 

816. 64 

664.6 

224.15 

630.92 

697.0 

225.u6 

643.01 

909.1 

225.97 

855.lt. 

921.2 

226.67 

067.18 

933.3 

227.75 

679.27 

945.4 

226.62 

891.36 

957.6 

229.48 

90  3.45 

969.7 

230.33 

915.54 

981.6 

231.16 

927.64 

993.9 

232.  fTl 

939.73 

1006.1 

232.83 

951.62 

1016.2 

233. 6<> 

9o3. °1 

1030.3 

234.44 

976.41 

1042.4 

235.24 

966.10 

1054.5 

236.01 

1C56.7 

23o.79 

1.12. O'" 

1478.6 

237.95 

16*4.  39 

1090.9 

236.31 

1036.49 

1103.4 

239.06 

1046.59 

1115.1 

239.80 

1563.69 

1127.3 

240.53 

1072.79 

1139.4 

241.26 

l«jd«*.  89 

1151.5 

241.98 

1396.99 

1163.6 

242.69 

115  9.  C9 

1175.7 

243.39 

1121.19 

1187.9 

444.09 

1133.29 

120. . u 

04.12 

14640.73 

14563. 65 

64.22 

14904.12 

14828.45 

84.32 

15167.59 

15093.24 

64.42 

15431.11 

15358.03 

64.52 

15694.67 

15622.83 

64.61 

15958.27 

15887.62 

64.69 

16221.91 

16152.42 

64.76 

16485.59 

16417.21 

64.66 

16749.30 

16682.09 

64.94 

17013.05 

16946. 8J 

65.02 

17276.83 

17211.59 

65. m9 

1754U.64 

17476.39 

65.17 

17804.48 

17741.19 

65.24 

16068.34 

10035.97 

65.31 

16332.23 

18270.75 

65.37 

A059t>.15 

18535.56 

65.44 

16860.10 

10809.35 

65.50 

19124.06 

19065.15 

65.56 

19388. wS 

19329.94 

65.62 

19652.06 

19594.73 

65.66 

19916.09 

19859.  53 

85.74 

20180.15 

29124.32 

85.79 

20444.22 

2*389.11 

65.65 

29766.31 

2u653. 91 

65.96 

26972.41 

29918.79 

65.95 

21236.54 

21183.50 

66.00 

21509.66 

21448.29 

66.05 

21764.63 

21713.08 

66.10 

22429.C0 

21977.0) 

66.14 

22293.19 

22242.67 

66.19 

22557.39 

22507.45 

66.23 

22821.61 

22772. 25 

66.27 

23085.83 

23037.05 

66.32 

23350.07 

70301,84 

66.36 

23614.39 

23556.64 

66.40 

23*76.59 

23831.43 

66.44 

• 24142.67 

24096.23 

66.46 

24407.16 

24361.02 

66.51 

24671.45 

24625.81 

66.55 

24935.76 

24890.61 

66.59 

25200.09 

25155.49 

66.62 

25464.41 

25420.19 

66.66 

2 5728.75 

25604.99 

66.69 

25993.10 

25949.78 

6o*  73 

26257.4o 

26214.59 

StIPMCtT 


OF  CATS*  1 
•i  21.0457 

HOLDING 
LtNGTH  OF 

POWER* 

LINE  1203.0 

2510.0 

POXNTSIOO 

VERTICAL 

FORCE 

X 

Y 

S 

SLOPE 

TENSION 

VFOROE 

0. 

00 

0.00 

O.C 

u.00 

2500.03 

3.0J 

12. 

10 

.64 

12.1 

6.05 

2513.99 

264.79 

24. 

0.6 

2.54 

24.2 

11.96 

2555.40 

529.59 

3$. 

76 

5.64 

36.4 

17.63 

2623.17 

794.39 

47. 

14 

9.05 

40.5 

22.96 

2715.12 

1059.17 

50. 

0 0 

19.06 

60.6 

27.91 

2028.94 

1323.97 

60. 

55 

21.15 

72.7 

32.44 

2962.12 

1598.76 

70. 

54 

26. C2 

04.0 

36.55 

3112.10 

1053.56 

00. 

04 

35.5o 

97. u 

40.26 

3276.6J 

2118.35 

97. 

04 

43.66 

109.1 

43.63 

3453.09 

2363.14 

105. 

SO 

52.  26 

121.2 

46.65 

3641.64 

2647.94 

113. 

69 

61.27 

133.3 

49.36 

3030.49 

2912.73 

121. 

36 

70.o4 

145.5 

51.01 

4C43.li) 

3177.52 

12«. 

69 

00.31 

157.6 

54.01 

4254.36 

3442.32 

135. 

63 

90.24 

169.7 

56.01 

4471.32 

3737.11 

142. 

25 

100.39 

101.0 

57.01 

4693.19 

3971.91 

140. 

5b 

110.75 

193.9 

59.46 

4919.31 

4236. 73 

154. 

50 

121.27 

206.1 

60.95 

5149.12 

4501.49 

160  . 

33 

131.93 

210.2 

62.32 

5302.15 

4766.29 

105. 

04 

142.73 

23C.3 

63.50 

5617.99 

5031.09 

171. 

13 

153.64 

242.4 

64.73  » 

5056.33 

5 295.07 

176. 

20 

164.65 

254.5 

65.79 

6C96.0O 

5569.67 

101. 

07 

175.74 

266.7 

66.77 

6339.24 

5625.46 

105. 

76 

100.92 

270.0 

67.60 

6503.43 

6099.25 

190. 

20 

190.17 

29u  .9 

60.53 

6029.10 

6355.05 

194. 

64 

209.40 

303.0 

69.31 

7076.10 

6619.  64 

190. 

05 

220.04 

315.1 

70.34 

7324.49 

6084.64 

202. 

92 

232.26 

327.3 

70.73 

7573.93 

7149.43 

206. 

05 

243.73 

339.4 

71.37 

7824.37 

7414.22 

210. 

67 

255.23 

351.5 

71.97 

0975.72 

7679.02 

214. 

36 

26o.70 

363.6 

72.53 

0327.91 

7943.91 

217. 

94 

270.36 

375.0 

73.06 

0500.06 

02C8.63 

221. 

42 

209.97 

307.9 

73.56 

6034.53 

0473.43 

224. 

01 

3C1.61 

400. C 

74.03 

9i.00.70 

6736.19 

220. 

09 

313.27 

412.1 

74.40 

9343.65 

gjPT.OO 

231. 

2« 

324.96 

424.2 

74,9i 

9599.05 

9267.79 

234. 

41 

336.60 

436.4 

75.30 

9054.95 

9532.57 

237. 

45 

340.41 

449.5 

76.69 

10111.33 

9797.37 

244. 

40 

360.17 

460.6 

76.05 

10368.09 

10062.16 

243. 

29 

371.94 

472.7 

76.39 

1.625.25 

10326.95 

246. 

11 

303.73 

404.0 

76.72 

10082.79 

10591.75 

240. 

do 

395.53 

4*7.0 

77.03 

11140.67 

10  056.  54 

251. 

55 

4u7<  35 

509.1 

77.33 

11390.06 

11121.31 

254. 

10 

419.19 

521.2 

77.62 

11657.35 

11396.13 

256. 

75 

431.  03 

533.3 

77.09 

11916.12 

11650.92 

299. 

27 

442.09 

545.4 

70.15 

12175.15 

11915.  72 

261. 

73 

454. 75 

557.6 

70.43 

12434.42 

12193.51 

264. 

14 

466.63 

569.7 

70.64 

12693.92 

12445.31 

266. 

5 j 

47  0.52 

501.0 

70.07 

12953.64 

12713.1) 

260. 

0* 

493. 42 

593.9 

79.  «9 

13213.55 

12974.69 

271. 

49 

902.33 

606. 1 

79.31 

13473.65 

13239.69 

273. 

32 

514.  24 

61#. < 

79.51 

13733.93 

13504.49 

275. 

5C 

526.16 

630.3 

79.71 

13994.39 

13769.27 

277. 

65 

538.09 

o42.4 

79.93 

14255.03 

14034.07 

a5 


L 


279.76 

291.63 
2o3.8b 
285.86 

287.62 
269.75 
291.65 

293.64 
295.36 
297.17 
296.95 
300.7-1 

302.44 
304.16 

335.62 
307.46 

309.11 
310.72 
312.30 
313.67 
315.41 
316.94 

316.44 
319.9  3 

321.39 
322.64 
324.27 

325.66 
327.07 

328.45 

329.61 

331.16 
332.49 

333.61 

335.11 

336.39 

337.66 

3jo.$S~ 

340.17 
341.  HJ 

342.61 

343.62 
345. Cl 
346.19 
347.3o 
346.52 


55J.C3 
501.97 
570.92 
535. 66 
»97.64 
6J9.6. 
621. 76 

633.75 
645.73 
657.72 
o69. 71 

691.76 
693. 7P 

705.70 

717.70 

729.71 

741.72 

753.73 
765.75 

777.77 
7P9.79 

331.62 
613.65 
625.67 
667.91 
649. 94 
661.96 
974.02 
666.06 
69  8.  IP 
910.14 
922.19 

934.44 

•*46.  29 
956.34 
97«i.  39 

962.45 
994. 5w 

10C6.56 

1.16.62 
1.3.. 66 
1342.74 
1C54.6" 
1 Jo6. 66 
1*7 3. 93 
1090.99 


654.5 

666.7 

676.8 

690.9 

703.0 

715.1 

727.3 

739.4 

751.5 

763.6 
7 75.7 

787.9 
600.0 

612.1 
624.2 

636.4 

646.5 

660.6 

972.7 

664.8 

697.0 

909.1 

921.2 

933.3 

945.4 

957.6 

969.7 
961.6 

993.9 
11.06.1 
1018.2 

1030.3 

1042.4 

1054.5 
10o6.7 
lw78.8 
13  9c .9 

1193.6 
1115.1 
H27.  y 

1139.4 

1151.5 

1163 . 6 

1175.7 

1187.9 

1200. 0 


61.16 

14515.76 

60.26 

14776.67 

Ou.43 

15037.71 

80.60 

15296.09 

60.75 

15560.16 

00.91 

15621.59 

61.36 

16063.11 

61.20 

16344.74 

61.34 

16606.47 

61.46 

16666.29 

61.61 

17130.20 

61.74 

17392.21 

81.66 

17654.29 

61.96 

17916.46 

62.10 

10176.7) 

62.21 

16441.01 

62.32 

167u3. 39 

82.43 

10965.64 

62.53 

19226.36 

62.63 

19490.94 

62.73 

19753.57 

62.63 

20016.26 

62.92 

2.279. 01 

63.11 

20541.61 

63.10 

200C4.66 

63.10 

21067.56 

83.27 

21330.51 

63.35 

21593.53 

63.43 

21056.53 

63.51 

22119.61 

63.59 

22362.72 

63.66 

22645.06 

63.73 

22909.07 

83.81 

23172.3) 

63.69 

23435.57 

63.94 

23696.07 

Sh.Dl 

23962.29 

eTTlIS -242i5.T>T 

64.14  24466.95 

64773  ■ 2 **752. 39 

64.26  25C 15.o4 

64.32  25279.32 

64.36  25542.91 

64,44  256w6.37 

64.51  26069.93 

64. 5»  26333.51 


14296.66 

14563.65 

14626.45 

15093.24 

15356.01 

15622.61 
15667.6? 
16152.42 
16417.21 
16662*03 

16946. 61 
17211.59 
17476.39 
17741. 19 
16005.97 
10273.76 

16535.50 
16000.35 
19065.15 
19329.94 

19594.73 
19659.53 
20124. 32 
20369.11 
20653.91 

20916.73 

21163.51 

21440.29 

21713. 30 

21977. 66 

22242.67 
22507. 4a 
22772.26 
23037.35 
23301.  84 
23566.64 
23631.43 
}4&96'.T3 
24361. 13 
2U625. Si 
24991,. 61 
25155.41 
25420.19 
25664.99 
25949.  76 
2o214. 58 


A6 


o 


u 


S U P c 

R 

CAT 

* 

NO  OF  CATS* 

1 

NOlOING 

POWER* 

2750.0 

• 

MTFT  21.6657 

LENGTH  OF 

LINE  1300. u 

POINTS1CO 

VERTICAL 

FORCE 

X 

Y 

S 

SLOPE 

TENSION 

VFORCE 

0.0(1 

O.bC 

0.0 

0.00 

2750. b3 

0.3T 

13.11 

.66 

13.1 

5.96 

2766.92 

266. 66 

26.06 

2.71 

26.3 

11.76 

2609.21 

573. 72 

36.76 

6.02 

39.6 

17.36 

2661.51 

660.56 

91.11 

lb. 52 

52.5 

22.65 

2979.76 

1167.66 

62.99 

16.09 

65.7 

27.56 

3101.57 

1636.  33 

76.36 

22.62 

76.6 

32.16 

3266*21 

1721.16 

65.25 

29.99 

91.9 

36.16 

3605*09 

2006.02 

95.59 

36.07 

105.0 

39.65 

3561.73 

2296.66 

105.62 

66.76 

116.2 

63.19 

3771.99 

2561.76 

116.75 

56. .2 

131.3 

66.21 

3973.83 

2666.69 

123.60 

65.72 

• 166.6 

66.93 

6185.62 

3155.66 

132.01 

76.60 

157.6 

51.36 

6605.91 

3*62.32 

160.00 

66.22 

17C.7 

53.59 

6633.69 

3729.16 

167.61 

96.92 

163.6 

55.66 

6667.35 

6016.06 

156. 6> 

107.66 

• 197.0 

57.62 

5106.61 

6302.91 

161.76 

119.06 

216.1 

59.07 

5353.55 

6569.  76 

166.36 

130.39 

223.2 

60.56 

5590.56 

6876.62 

176.67  - 

161.91 

236.6 

61.96 

5050.13 

5163.69 

160.71 

153.57 

269.5 

63.23 

6106.61 

5650.  36 

166.5b 

165.35 

262.6 

66.39 

6362.23 

5737.29 

192.07 

177.25 

275.6 

65.66 

6622. C7 

6626.05 

197.61 

189.26 

266.9 

66.65 

6666.05 

6310.92 

202.56 

201.32 

502.0 

67.37 

7167.95 

6597.76 

207.52 

213.66 

315.1 

60.23 

7613.55 

6666.66 

212.31 

225.70 

326.3 

69.02 

7666.60 

7171. 5J 

216.93 

238.00 

361.6 

69.76 

7969.19 

7656.36 

221.60 

250.36 

356.5 

70.65 

6216.93 

7765.22 

225.72 

262.76 

367.7 

71.19 

. 6669. 6 J 

0032.00 

229.91 

2/5.19 

360.6 

71.71 

6761.69 

6316.96 

233.96 

267.66 

393.9 

72.26 

9036.50 

6605.79 

237.90 

20 

667.1 

72.62 

9306.16 

6692. 65 

261.73 

312.77 

620.2 

73.32 

9562.59 

9179.51 

265.66 

325.36 

633.3 

73.60 

9657.73 

9666.  37 

269.u5 

337.96 

666.5 

76.25 

10133.51 

9753.  23 

252.57 

35C.66 

659.6 

76.66 

10609.90 

10660. 09 

255.99 

36  3.31 

672.7 

75.09 

10666.  6-* 

10326.95 

259.33 

376.01 

665.9 

75.67 

10966.26 

10613.61 

262.56 

36  6.76 

699.  C 

75.66 

11262.21 

10900.67 

265.75 

601.66 

512.1 

76.19 

11523.56 

11167.51 

266.65 

616.26 

525.2 

76.52 

11799.33 

11676.59 

271.66 

•*27.02 

536.6 

76.66 

12076.61 

• 11761.25 

276.63 

639.61 

551.5 

77.16 

12357.97 

12*66.11 

277.72 

652.62 

566.6 

77.63 

12637.03 

12336.97 

260.55 

665.66 

577.6 

77.71 

12917.96 

12621.  6S 

263.31 

676.26 

59C.9 

77.97 

13196.36 

12906.69 

266.02 

691.13 

606.0 

76.23 

13679.06 

13195.55 

269.67 

5u  3. »9 

617.2 

76.67 

13760.01 

13662.61 

291.27 

516. 96 

630.3 

76.71 

16061.23 

13769.27 

293.62 

529.76 

663.6 

76.93 

16322.62 

16356.  13 

296.31 

562.66 

696.6 

79.15 

16606.26 

16362.99 

296.76 

555.5* 

669.7 

79.35 

16666. *7 

16629.  65 

301.16 

5b  8.6* 

602.6 

79.55 

15166. bi 

16916.71 

303.5c 

5T1.36 

696.0 

79.75 

15650.20 

1520  3.  57 

305.66 

596.29 

709.1 

79.93 

15732.66 

15690.63 

A7 


3J8.il 

6.7, 22 

722.2 

80.11 

16015.16 

15777.29 

318.35 

o2w . 16 

7 35.3 

80.29 

16297.64 

16064.15 

312. 5> 

633.il 

748.5 

60.45 

16560.65 

16351.01 

314.71 

646. 66 

761.6 

60.61 

16663.61 

16637.87 

310.83 

659.62 

774.7 

80.77 

17146.69 

16924.73 

310.92 

671.90 

767.9 

60.92 

17429.93 

17211.59 

32J.97 

684.95 

631.0 

61.07 

17713.22 

17496.45 

323.40 

697.93 

614.1 

61.21 

17996.66 

17765.31 

324.99 

710.90 

827.3 

61.35 

18260.20 

16072.17 

320.95 

723.89 

646.4 

81.46 

16563.65 

16359.03 

320.88 

736.80 

653.5 

61.61 

16647.59 

16645.6) 

330.78 

749.87 

666.7 

81.74 

19131.43 

16932.75 

332.05 

762.07 

879.8 

61.66 

19415.35 

19219.61 

334.50 

775.87 

892.9 

61.96 

19699.36 

19506.47 

336.32 

7 80. 07 

906.1 

62.09 

19963.45 

19793.33 

338.11 

6* 1. 08 

919.2 

62.20 

20267.62 

23080.19 

339.80 

814.09 

932.3 

62.31 

20551.66 

20367.95 

J<*l.b3 

827.91 

945.4 

62.42 

20636.16 

20653.91 

343.35 

840.92 

958.6 

62.52 

2112J.56 

2o940. 77 

345.05 

053.94 

971.7  • 

62.62 

21405.01 

21227.63 

346.72 

806.97 

964.8 

62.72 

21669.53 

21514.49 

348.38 

886. 00 

*996.0 

62.81 

21974.13 

21601.  35 

350.01 

893.02 

1011.1 

62.90 

22256.74 

22038.21 

351.62 

906.06 

1024.2 

82.99 

22543.43 

22375.07 

353.21 

919. 09 

1037.4 

83.06 

22626.17 

22661.91 

354.79 

932.13 

1*5”. 5 

63.17 

23112.97 

22948.79 

356.3t 

945.17 

1063.6 

63.25 

23397.62 

23235.65 

357.87 

958.21 

1076.8 

63.33 

23662.71 

23522.51 

359.39 

971.25 

1089.9 

63.41 

23967.65 

23809.37 

360.09 

984.30 

1103.0 

63.49 

24252.64 

24096.23 

362,37 

997.34 

1116.2 

83.57 

24537.67 

24383.09 

363. 03 

U10.39 

11*9.3 

“ hi .64 

2*^22.75 

24669.95 

365.28 

1023.44 

1142.4 

63.71 

25107.06 

24956.81 

366.71 

lu36. 5u 

1155.5 

63.76 

25393.01 

25243.  67 

368.12 

1049.95 

1168.7 

83.65 

25670.20 

25530.52 

369.52 

1062.61 

1181.6 

63.92 

25963.43 

25017.19 

370.90 

1075.67 

1194.9 

83.99 

26246.70 

26104.24 

372.27 

use.  n 

1208.1 

64.05 

26533.99 

26391.1) 

373.62 

1101.79 

1221.2 

64.11 

26019.33 

2o677.95 

374.96 

1114.89 

1234.3 

84.16 

27104.69 

26964.62 

376.  29 

1127.91 

1247.5 

64.24 

27390.39 

27251.69 

377.6] 

1140.99 

1260.6 

64.30 

27675.51 

27536.54 

378.90 

1154.65 

1273.7 

64.36 

2796 J. 97 

27025. 40 

380.18 

1187.12 

1266.9 

64.41 

20246.45 

26112. 26 

1180.18 

1300.0 

64.47 

20531.96 

20399.12 

A8 


u 


SUPERC8T 


NO  OP  CATS*  1 HOLOING  POWERS  3500.0 


21.04*57 

LENGTH  OP 

LlNc  13C0.3 

POINTSIOO 

VERTICAL 

rORCE  0.0 

X 

Y 

S 

SLOPE 

TENSION 

VPORCE 

0.  Cw 

0.00 

0.0 

0.00 

3500. OJ 

0.11 

13.12 

.56 

13.1 

6.69 

3511.76 

206.06 

26.15 

2.16 

26.3 

9.31 

3566.71 

573.72 

49.31' 

6.77 

39.6 

13.01 

3606.25 

060.59 

51.63 

0.49 

52.5 

10.15 

3603.29 

1167.46 

63.9** 

12.93 

65.7 

22.20. 

3702.69 

1x36.31 

75.91 

10.32 

70.0 

26.19 

3904.31 

1721. 16 

07.50 

26.50 

91.9 

29.06 

6035.11 

2300.1? 

90.69 

31.37 

105.0 

33.25 

6105.27 

2296.99 

109.66 

30.07 

110.2 

36.61 

6369.19 

2501.74 

119.02 

<*6.  96 

131.3 

39.36 

6525.36 

2960.61 

129.70 

55.50 

. 166.6 

62.06 

6712.62 

3155.66 

139.33 

66.  5C 

157.6 

66.52 

6909.13 

3462.32 

160.51 

73.90 

17U.7 

66.02 

5116.37 

3729.19 

157.31 

03.  66 

103.0 

60.93 

5327.15 

6316.06 

165.77 

93.60 

197.6 

50.07 

5566.61 

6332.93 

173.09 

1J6.C3 

210.1 

52.67 

5771.99 

6569.76 

101.70 

116.5b 

224.2 

56.33 

6102.62 

6576.62 

109.21 

125.33 

«36 .6 

55.07 

6237.91 

5163.69 

196.66 

146.29 

269.5 

57.29 

6677.36 

5650.36 

203.60 

167.62 

262.6 

50.61  _ 

6720.52 

5737.29 

216.12 

150.70 

275.0 

59.06 

6967. 31 

6426.06 

216.63 

17w.  12 

200.9 

60.99 

7216.63 

6319.92 

222.0o 

xOl. 67 

402.0 

62.05 

7660.6*. 

6 597.79 

220.91 

193.32 

315.1 

63.05 

7723.23 

6006.66 

236.77 

205.07 

320.3 

63.99 

7900.49 

7171.51 

260. <*6 

216.92 

361.6 

66.06 

0230.75 

7650.39 

265.93 

228. 05 

356.5 

65.60 

0699.32 

7765.2? 

251. 2» 

260.05 

367.7 

66.65 

O'M.  52 

0332.99 

256.62 

252.92 

30',.  0 

67.10 

*9025.22 

0310.96 

261.66 

265.05 

49-  9 

67.07 

9290.3  3 

0605.73 

266.o2 

277.25 

6C7.1 

60.52 

9556.66 

0092.65 

271. «6 

209.69 

626.2 

69.13 

9026.  13 

9179.51 

275.60 

311.70 

633.3 

69.71 

1C092.. 60 

9466.37 

200.17 

316.12 

666.5 

70.26 

10362.22 

9753.23 

20**. 55 

^26. 5b 

659.6 

70.70 

10632.66 

1C  060. 59 

200.0c 

334.92 

672.7 

71.20 

10933.96 

10326.95 

292.90 

351.47 

605.9 

71.75 

111.6.03 

10613.01 

297.06 

363.06 

*.99.0 

72.20 

11666.79 

109J0.67 

301.01 

376.40 

512.1 

72.63 

11722.2*. 

11187.53 

306.09 

300.92 

525.2 

73.06 

11996.32 

11476.39 

300.67 

601.5u 

530.6 

73.63 

12273.99 

11761.25 

312.30 

616.1k 

551.5 

73.00 

12566.21 

12060.11 

316.0b 

626.  72 

566.6 

76.16 

12021.92 

12336.97 

319.55 

639.36 

577.0 

76.50 

13090.12 

12621.03 

323.02 

652.02 

590.9 

7*».03 

13376. 76 

12900.69 

426.62 

666.71 

606.0 

75.16 

13651.03 

13195.55 

429.75 

677.61 

617.2 

75.65 

13929.30 

13602.61 

333. u2 

693.13 

63". 3 

75.76 

16207.16 

13769.27 

336.24 

512.06 

663.6 

76.32 

16.05.  33 

16356.13 

439.37 

515.6a 

656.6 

76.29 

16763.05 

16362.99 

4<*2. 65 

524.47 

b69.7 

76.55 

15C62.69 

16629.05 

3 **5  68 

561.15 

602.0 

76.00 

15321.02 

16916.71 

J60.65 

553.96 

696.4 

77.06 

15601.26 

152b 3.57 

351.37 

566.76 

709.1 

77.27 

15640. 91 

1569". 63 

A9 


u 


45*. 

26 

579.5o 

7 22.2 

77.69 

16160.66 

15777.29 

35?. 

Ob 

592.38 

735.3 

77.71 

16661.01 

16066.15 

359. 

63 

6»5.«.2 

760.5 

77.92 

16721.61 

16351.01 

46*. 

5b 

61 6. * 6 

761.6 

76.12 

17b02. 02 

16637.67 

365. 

26 

blu. 92 

776.7 

76.32 

17262.06 

16926.73 

367. 

66 

6*3.78 

767.9 

76.51 

17563.69 

17211.59 

376. 

67 

o56. 65 

801.0 

76.69 

17865.05 

17696.65 

373. 

03 

669.53 

916.1 

78.67 

16126.62 

17785.31 

375. 

56 

682.62 

427.3 

79.06 

14607.97 

10072.17 

476. 

02 

695.32 

86*'. 6 

79.21 

14669.67 

16359.03 

366. 

66 

708.22 

853.5 

79.37 

16971.5* 

16665.89 

362. 

87 

7*1.13 

066.7 

79.53 

19253.56 

16932.75 

365. 

26 

73*. 66 

679.8 

79.66 

19535.69 

19219.61 

367. 

57 

766.97 

892.9 

79.63 

19617.96 

19506.67 

369. 

66 

759.89 

906.1 

79.97 

20100.39 

19793.33 

352. 

15 

772.6? 

919.2 

80.11 

20362.93 

20080.19 

396. 

39 

765.77 

93*. 3 

60.25 

20665.59 

20367.05 

356. 

59 

790.71 

965.6 

00.36 

20966.36 

20653.91 

396. 

77 

611.66 

956.6 

8u.51 

21231.26 

20960.77 

60C. 

92 

«>6.61 

' 971.7 

80.66 

21516.23 

21227.63 

603. 

u5 

o17. 57 

966.6 

60.76 

21797.32 

21516.69 

605. 

16 

850.53 

996.0 

60.66 

2*060.51 

21801.35 

607. 

21 

663.50 

1U11.1 

81.03 

22363.79 

22048.21 

609. 

25 

876.67 

10*6.2 

81.11 

22667.15 

22375.07 

611. 

27 

889.66 

1C  37 .6 

81.22 

22930.61 

22661.93 

613. 

26 

902.66 

1850.5 

61.33 

23216.15 

22968.79 

615. 

24 

915.61 

1063.6 

61.63 

24*97.77 

23235. 65 

617. 

17 

928.60 

1076.6 

61.56 

23781.67 

23522.51 

619. 

09 

961. 06 

1 ti  69.9 

81.66 

26065.26 

23409. 37 

620. 

99 

956.38 

1103.0 

81.76 

26369.09 

26096.23 

622. 

67 

967.38 

1116.* 

01.83 

*6634.00 

26363.09 

626. 

72 

98". 30 

1129.3 

81.93 

*6916.99 

26669.95 

6757 

5b 

993.38 

1162.6 

S 2!*ui 

Z57TT7T3 

***bb. el 

626. 

21 

1U6.36 

1155.5 

62*11 

25*05.15 

25263.67 

630  . 

16 

U19.39 

1166.7 

62.  *9 

*57o9.3<* 

631. 

96 

1042.60 

1161.8 

62.26 

26053.55 

25817.36 

633. 

69 

1665.62 

1196.9 

62.36 

26337.86 

26106.26 

635. 

63 

lw50. 6? 

1206.1 

82.65 

26622.18 

26391.10 

637. 

15 

1371.65 

1221.2 

82.53 

• 26906.57 

26677.96 

638. 

86 

1096.67 

1236.3 

82.60 

27191.** 

26966.6? 

66b. 

53 

1097.69 

1*67.5 

62.66 

*7679.52 

27251.66 

662. 

19 

1110.52 

126b .6 

82.76 

27760.07 

27536.56 

663. 

86 

1123.55 

1*73.7 

62.63 

28066.65 

27625.60 

665. 

67 

116o* 58 

1266.9 

82.90 

26329.33 

26112.26 

667. 

08 

1169.61 

130..0 

82.97 

26613.99 

28399.12 

A10 
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V/ 


SUPERCAT 


NO  OF  CATS*  1 MOLOING  POrfER* 


21.64?7 

LENGTH  OF 

LINE  1303. 

X 

V 

S 

O.C* 

4.  Otl 

3.9 

litU 

.42 

13.1 

26.19 

1.67 

26.3 

39.16 

3.73 

19.4 

51.9/ 

6.59 

52.5 

64.59 

10.21 

65.7 

76*96 

14.55 

78.8 

69.11 

19.56 

91.9 

10*. 96 

25.24 

105..G 

112.53 

31.49 

116.2 

123.74 

36.29 

13a. 1 

164.65 

45.60 

144.4 

145.24 

53.3b 

157.6 

155.51 

61.54 

170.7 

165.46 

70. 14 

183.8 

175. 1* 

79. C2 

197.0 

164.  45 

6 6.24 

216.1 

193.49' 

97.  76 

223.2 

202.26 

107.54 

236.4 

21 j. 75 

117.65 

249.5 

216.36 

127.78 

262.6 

226.96 

1*6.21 

275.6 

234. 7w 

146.82 

28b. 9 

242.21 

159.59 

*02.0 

249.54 

170.51 

315.1 

256.59 

161.57 

320.3 

263.47 

192.75 

341.4 

27^.16 

2J4.4S 

354.5 

276.66 

215.45 

367.7 

262.99 

226.96 

384.6 

269.16 

230.55 

393.9 

295.17 

250.23 

407.1 

30a. 02 

261.96 

42u . 2 

3*6.73 

273.81 

433.3 

312.30 

265*70 

446.5 

317.73 

297.  65 

*59.6 

323.04 

3"  9.  66 

472.7 

326.23 

321.73 

465.9 

336.25 

333.64 

499.0 

336.25 

346.0. 

512.1 

343. 1C 

358.21 

525.2 

347.84 

374.45 

5 30.4 

352.46 

*62.73 

551.5 

357.03 

395.45 

564.6 

361.48 

4.7.40 

577,8 

365.65 

419.79 

59b.  9 

376.13 

432.2" 

604.0 

374.33 

444.  ti4 

617 .2 

376.45 

45  7.11 

630.3 

362.49 

469.61 

643.4 

366.45 

462.12 

656.6 

390.3> 

494.6o 

669.7 

394.16 

537.2* 

662.6 

397.93 

519.61 

696.0 

401. 6* 

562.41 

709.1 

450. .0 


POINTSllO 

VERTICAL 

FORCE 

SLOPE 

TENSION 

VFORCE 

0.03 

4500.00 

0.09 

3.65 

4509.13 

266.66 

7.27 

4536.43 

573.72 

10.63 

4541. 55 

660.56 

14.33 

4643.99 

1147.44 

17.66 

4723.05 

1434.33 

20.93 

4817.92 

1721.16 

24.95 

4927.69 

2006.02 

27.02 

5051.36 

2294.89 

29.64 

5186. *9 

2581.74 

32.  >2 

5336.56 

2666.61 

35.04 

6496.06 

3155.45 

37.41 

5665.65 

3442.3? 

39.65 

5644.36 

3729.16 

41.75 

6C31.46 

4016.94 

43.72 

6226.15 

4302.91 

45.57 

6427.74 

4569.76 

47.30 

6635.62 

4876. 62 

46.93 

6849.20 

5163.49 

5*.  4b 

70o7.97 

5450.  34 

51.69 

7291.46 

5737.21 

56.24 

7519.25 

6024. 06 

54.51 

7750.98 

6310.9? 

55.70 

7966.28 

6597.76 

56.63 

8224.85 

6684.64 

57.69 

6466.42 

7171.51 

58.90 

8710.74 

7456.36 

59.84 

6957.59 

7745.22 

60.74 

9206.75 

8032.09 

61.59 

9456.05 

8316.94 

o2 .39 

9711.32 

8605.79 

63.16 

9966.41 

6892.65 

63.66 

10223.16 

9179.51 

64.56 

13461.52 

9466.37 

65.26 

10741.30 

9753.21 

65.66 

11302.43 

10040.39 

66.45 

11264.61 

10326.95 

67.02 

11526.36 

10613.01 

67.57 

11792.99 

109.0.67 

66.99 

l£.56.b4 

11187.53 

66.59 

12325.25 

11474.39 

69.96 

12592.74 

11761.25 

69.52 

12861.07 

12346.11 

69.96 

13130.16 

12334. 9r 

7u  .36 

1*409.02 

12621.03 

70.76 

13679.56 

129C0.69 

71.17 

13941.76 

13195.55 

71.54 

14a13.57 

13482.41 

71.90 

14465.95 

13769.2 7 

72.25 

14796.99 

t495fc. 13 

72.56 

15032.35 

14  342.91 

72.93 

15306.29 

14629. 65 

73.21 

15563.73 

14916.71 

73.51 

15855.55 

1520  3,  5r 

73.69 

161*4.82 

15490.  43 

AH 


o 

w 

465.26 

545.03 

722.2 

74.08 

16406.49 

15777.29 

*•0 8.83 

557.66 

7 35.3 

74.35 

16682.53 

16364. 15 

<*12.35 

570.32 

748.5 

74.61 

16956.94 

16351.  31 

<*15.60 

582.98 

7&1.6 

74.87 

17235.68 

16637. 8? 

<*19. 2C 

595.67 

774.7 

75.11 

17512.75 

16924.73 

<•22. 5? 

60  8.  36 

787.9 

75.35 

17793.13 

17211.59 

<*25.  85 

621.67 

801. 0 

75.58 

16067.81 

17498.4 i 

<*29.09 

633.80 

614.1 

75.81 

18345.77 

17785.31 

<*32.29 

646.53 

827.3 

76.02 

18624.00 

18072.17 

<»35.  *»<* 

659.28 

840  .4 

76.23 

18902.49 

18359.03 

<*38. 5<* 

672.04 

053.5 

76.43 

19181.22 

18645.89 

<*<*!.  6C 

684.81 

866.7 

76.63 

19463.19 

18932.75 

<*<*<*.  62 

697.59 

879.8 

76.62 

19739.39 

19219.61 

<*<•7.59 

713.38 

692.9 

77.01 

20316.80 

195n6. 47 

<*50.52 

723.1a 

906.1 

77.19 

23298.42 

19793.33 

<*53.<*l 

735.94 

919.2 

77.37 

20578.24 

2008U.19 

<*56.26 

748.81 

932.3 

7T.54 

20858.25 

23367. "5 

659. »8 

761.63 

945.4 

77.71 

21138.45 

26653.91 

<*61.85 

774.47 

■ 958.6 

77.87 

21418.82 

20940.77 

<*6<*.6C 

787.31 

971.7 

78.33 

21699.36 

21227.63 

467.3. 

8«  0 . 16 

984.8 

78.19 

21983.06 

21514.49 

<*69.97 

813. C* 

998.0 

78.34 

22263.92 

21831. 35 

W2«  oi 

o25. 06 

“ 1011.1 

7*8 .4  8 

275X177. 

— Z7JTJ72T 

475. cl 

038.75 

1024.2 

78.63 

22623.09 

22375.07 

477.79 

85 A. oo 

IS  37.4 

78.77 

23104.39 

22061.93 

48m. 33 

864.51 

1050.5 

78.91 

23305.82 

22948.79 

482.84 

877.4. 

1063.6 

79.04 

23667.39 

23235.65 

485.32 

890.29 

1076.8 

79.17 

0 23949. mS 

23522.51 

487.7a 

90  3.19 

1089.9 

79.33 

24250.89 

23609. 3* 

49a. 20 

916.10 

1103.0 

79.42 

24512.81 

24396.23 

492.6" 

929. Cl 

1116.2 

79.54 

24794.86 

24383.39 

494.97 

941.92 

1129.3 

79.66 

25077.01 

24669.95 

497.31 

954.85 

1142.4 

79.78 

25359.26 

24956.81 

499.63 

967.77 

1155.5 

79.89 

25641.62 

25243.67 

591.92 

98m. 7c 

1168.7 

80.00 

25924.68 

2553". 5? 

504.14 

993.63 

1181.8 

80.11 

.26206.63 

25517, 73 

506.43 

1. 1 o. 57 

1194.9 

6 D mdd 

d b+ii.zr 

601.4. d* 

508.65 

1.19.51 

1208.1 

80.32 

26772.01 

25391.13 

510.84 

1C32.46 

1221.2 

80.43 

27654.83 

26677.95 

513.62 

1045.41 

1234.3 

80.53 

27337.73 

26964. 92 

515.17 

1658.37 

1247.5 

80.62 

27620.72 

27251.65 

517.36 

1x71.32 

12 6w  <6 

86.72 

27903.79 

27538.50 

519.4. 

1684.28 

1*73.7 

60.81 

26186.93 

27825.41 

521.49 

1697.25 

1286.9 

8C.91 

28476.15 

26112.25 

523. >5 

Illy. 20 

1300.0 

81.00 

28753.44 

28399.1? 

A12 


SwiPERCAT 


NO  OP  CATS*  1 HOLDING  POWER* 


21.0457 

length  up 

LINE  1330.0 

X 

r 

S 

3.0b 

4.  OU 

3.4 

13.12 

.40 

13.1 

26.20 

1.58 

26.3 

39.18 

3.54 

39.4 

52.  G3 

6.  25 

52.5 

64.70 

9.70 

65.7 

77.16 

13.83 

78.8 

89.30 

18.63 

91.9 

101.34 

24.05 

105.0 

113.02 

30. *14 

119.2 

12*. 41 

36.57 

131.3 

135.54 

43.60 

' 144.4 

146. 29 

51.09 

157.6 

156.77 

»9«  Ow 

170.7 

166.94 

67.30 

183.8 

176.82 

75.95 

197. C 

186.41 

84.92 

21C.1 

195.71 

94.19 

223.2 

204.74 

103.73 

236.4 

213.50 

113.51 

249.5 

222.40 

123.52 

262.6 

230.25 

133.73 

275.8 

238.26 

144.14 

288.9 

246.04 

154.71 

302.0 

253.61 

165.44 

315.1 

2o0. 96 

176.32 

328.3 

268.11 

187.34 

341.4 

275.07 

198.47 

354.5 

281.84 

209.72 

367.7 

288.44 

221.07 

386.8 

319.03 

279.16 

446.5 

324.71 

291.3. 

459.6 

330.26 

332.9. 

472.7 

335.68 

314. 85 

485.9 

344.99 

326.07 

499.0 

346.18 

33  d'.  93 

512.1 

351.25 

35.. 44 

525.2 

356.22 

363.  19 

538.4 

36*. 09 

375.39 

551.5 

365.86 

337.63 

564.o 

373.53 

399.90 

577.8 

375. il 

412. 2C 

09u  .9 

379.60 

424.54 

6u4 . 0 

384.00 

436.91 

617.2 

388.33 

449.31 

630.3 

3.92.57 

481.74 

643.4 

396.73 

474.19 

656.6 

404.84 

436.67 

669.7 

4*4. 85 

499.17 

682.8 

408.80 

511.69 

696.6 

412.68 

524.24 

709.1 

416.50 

536.80 

722.2 

420.25 

549. 39 

735.3 

423.94 

561.99 

748.5 

<*27.58 

574.6C 

761.6 

4750. C 


POINTSlOO 

VERTICAL 

PORCE 

SLOPE 

TENSION 

VPORCE 

0.60 

4750.00 

0.09 

3.46 

4758. oi 

286.86 

6.89 

4784.52 

573.72 

10.27 

4827.33 

8»0. 58 

13.53 

4886.63 

1147.44 

16.80 

4961.83 

1434.31 

19.92 

5052.22 

1721.16 

22.92 

5157.03 

2008.92 

25.79 

5275.32 

2294.88 

28.53 

5406.28 

2581.74 

31.13 

5549.03 

2868.69 

33.60 

5702.58 

3155.46 

35.93 

5866.19 

3442.32 

36.14 

6038.98 

3729.18 

40.21 

6220.21 

4016.04 

42.17 

6409.17 

4332.91 

44.02 

6605.18 

4589.76 

45.75 

6807.64 

4876.62 

47.39 

7015.98 

5163.49 

48.93 

7229.71 

5450.34 

50.38 

7448.35 

5737.21 

51.74 

7671.49 

6024.05 

53.03 

7898.74 

6310.92 

54.25 

8129.77 

6597.78 

55.40 

8364.25 

6884.64 

56.48 

8601.91 

7171.53 

57.51 

8842.49 

7458.36 

58.48 

9085.75 

7745.22 

59.40 

’ 9331.49 

8032.98 

60.27 

9579.52 

8318.94 

64.03 

10848.41 

9753.23 

64.68 

11107.02 

10040.09 

65.30 

11366.99 

19326.95 

65.89 

11628.22 

13613.81 

66.45 

11893.63 

10909.67 

66.99 

12154.15 

11197.53 

67.51 

12418.73 

11474. 34 

68.01 

12684.23 

11761.25 

68.48 

1295w.66 

12C48.il 

68.94 

13217.94 

12334.97 

69.38 

13486.04 

12621.83 

69.83 

13754.88 

12908.69 

70.20 

14024.45 

13195.55 

70.59 

14294.68 

134o2.41 

70.97 

14565.55 

13769.27 

71.33 

14837.03 

14356. 13 

71.68 

*5109.07 

14342.49 

72.11 

15381.65 

14629.85 

72.14 

15654.74 

14916.71 

72.65 

15928.31 

15203.57 

72.95 

16232.34 

15490.43 

73.24 

16476.81 

15777.29 

73.53 

16751.73 

16064.15 

73.80 

17*26.98 

16351.ul 

74.07 

17302.64 

16637. 37 

A13 


u 


u 


431.15 

414.67 

436.14 
441*55 

444.92 
446.23 
451.50 
454.71 
457.69 

461.02 

464.10 

467.14 

470.15 

473.11 

476.03 

476.92 
481.77 
464.56 
467.36 
490.10 
<.92.61 
495.  -.9 
496.1*. 
549.75 
503.34 
515.89 
506.41 
510.91 
513.39 
515.82 
518. 2*. 
520.63 


527.64 
529.93 
532.23 
534.44 
536.66 
536.66 
541. 34 


»67.2*» 
999.  69 
612.56 
625.24 
637.93 

65  u.  63 

663.35 
676.06 

66  6.63 
791.50 
714.34 

727.12 
739.  9t 

752.69 

765.49 

778.33 

791. 12 
603.  95 
616.76 
829.62 
642.47 

655.33 
66d« 19 
661.06 
094.94 

906.61 

919.70 
912.59 

945.49 
95  6.39 
971.31 
984.21 
997.12, 

1013.35 
1022.97 
1035. 9C 
1040.84 
1361.77 
IJ74.72 
1007. 66 

1100.61 


774.7 

767.9 
601.0 

614.1 

627.3 

640.4 

853.5 

666.7 

679.8 

692.9 

906.1 

919.2 

932.3 

945.4 

956.6 

971.7 
964.6 
996.0 

. 1311.1 

1024.2 
lu 37.4 

" 1950.5 
U63.6 
lw76. 8 

1069.9 

1103.0 

1116.2 

1129.3 

1142.4 

1155.5 
116B.7 

1181.6 

1194.9 

1206.1 
1221.2 
12?**.3 

1247.5 

1266.6 

1273.7 

1266.9 
130C.0 


74.32 

74.57 

74.81 

75.05 
75.27 
75.49 

75.71 
75.92 
76.12 
76.31 
76.51 
76.69 
76.87 

77.05 

77.22 
77.39 

77.55 

77.71 

77.06 

76.01 
70.16 
76.31 

76.45 

76.56 

78.72 
76.65 

78.90 

79.10 

79.22 
79.34 

79.46 

79.56 
79.69 

- U.W 

79.90 

00.01 

60.11 
60.21 

60.01 
00.41 
OS.50 


17576.65 

17055.01 

16131.69 

10406.69 
16665.96 

16963.56 
1*241.41 
19519.52 
19797.67 
20u76.47 
23355.33 
20634.35 
20913.61 
21193.07 
21472.7 i 
21752.58 

22332.60 
22312.09 
22593.17 

22873.70 

23154.30 
23435.21 

23716.19 

23997.31 

24270.56 
24559.94 
24841.44 

p 25123.37 

25404.61 
25686.67 
25968.64 

26253.71 
26532.69 
26015. it 
27397.53 
27383.03 
27662.55 

27945.19 
20227.92 
26519.73 

20793.62 


f 

All* 


16924.71 

172H.5) 

17498.4$ 

17765.31 

16072.1' 

16359.93 

16645.63 

16932.75 

19219.61 
19596.4' 
19793.33 
20960.19 
20367.05 
23653.91 
29940.77 

21227.61 
21514.49 
21691.35 
22006.21 
22375.07 
22661.9) 
22948.71 
23235.6$ 
23522.51 
23639.37 
24096.23 
24363.99 
24669.9$ 

24956.81 
25243.67 
25539.5’ 

25617.3) 
2610  4.24 

2t?9i.lT 

26677.95 

26964.82 
27251.6) 
27536.59 

27625.4) 
26112.25 
26399.12 


o 


u 


SJPERCAT 


NO  OF  CATS*  1 HOLOlNw  POWER* 


21.645/ 

LENGTH  OF 

1330. J 

X 

V 

S 

3.  Ou 

-.03 

0.0 

13*13 

.74 

13.1 

2b.  21 

1.-7 

26.3 

39.23 

3.  Co 

39.4 

52.15 

a.42 

52.5 

64.93 

6.42 

65.7 

77. 55 

12.04 

78.6 

69.49 

16.25 

91.9 

102.22 

21.  C 4 

105.0 

114.22 

26.36 

118.2 

125.99 

3c.  19 

131.3 

137.50 

36.49 

144.4 

148.7b 

•.5.25 

157.6 

159.76 

5 2.42 

173.7 

17- « 5 w 

59.97 

163.8 

160.97 

67.64 

197.0 

191.19 

76.15 

210.1 

201.14 

84.71 

223.2 

210.84 

91.50 

236.4 

220.29 

102.68 

249.5 

229.50 

112.04 

262.6 

238.47 

121.63 

275.6 

247.21 

131.43 

286.9 

255.72 

1-1.43 

302.0 

264.02 

151. 60 

315.1 

272.12 

101.94 

327.3 

260.01 

172.44 

341.4 

287.71 

183.07 

354.5 

295.22 

193.65 

367.7 

302.55 

20—74 

380.6 

3-9.70 

215.75 

393.9 

316.69 

C?o.  67 

407.1 

323.52 

238.08 

420.2 

330.19 

249.39 

43-. 3 

33o.71 

260.  79 

-46.5 

343.09 

272.27 

459.0 

349.33 

283. 82 

472.7 

355.44 

295.45 

485.9 

361.42 

3-7.14 

499.0 

307.27 

316.69 

512.1 

373.01 

330.7- 

525.2 

376.62 

342.57 

538.4 

364.13 

■*54.49 

551.5 

369.53 

3o6. 46 

564.6 

394.83 

37S.4o 

577.6 

400.02 

3*3.54 

593.9 

405. 12 

-.2.64 

604.0 

41.. 13 

414.76 

017.2 

<♦15.  .4 

42o.95 

630.3 

419.37 

4*9.1? 

6-3.4 

424.61 

451.41 

655.6 

429.26 

463.09 

669.7 

433.80 

-75.94 

o 62. 6 

436.36 

466.-3 

696.0 

442.79 

530.64 

7-9.1 

5530.0 


POINTSIOO 

VERTICAL 

FORCE 

SLOPE 

TENSION 

VFORCE 

0.09 

SSC-.-l 

0.01 

2.99 

5567.46 

286.86 

5.96 

5529.  64 

573.72 

6.69 

5566.92 

660.58 

11.76 

5618.42 

1147.44 

14.62 

5663.94 

1434. 31 

17.36 

6763.02 

1721.14 

20.-6 

5655.10 

20-8.02 

22.65 

5959.57 

2294.69 

25.15 

6075.80 

2581. 74 

27.54 

6203.13 

2868.61 

29.64 

6340.89 

3155.46 

32.04 

6466.42 

3442.32 

34.14 

6645.06 

3729.19 

36.14 

6810.16 

4016.04 

36.34 

6963.19 

43-2.91 

39.65 

7163.51 

4589.75 

41.56 

7350.61 

4876.62 

43.19 

7543.97 

5163.44 

44.74 

7743.14 

5450.34 

46.21 

7947.67 

5737.21 

47.60 

6157.16 

6024.06 

46.93 

6371.2- 

6310.92 

56.16 

6589.57 

6597.79 

51.18 

6611.62 

6694.64 

52.51 

9-37.72 

7171.5J 

53.59 

9266,99 

7456. 36 

54. o2 

9499.39 

7745.22 

55.63 

9734.69 

8-32.09 

56.53 

9972.73 

6316.94 

57.42 

1U213.21 

6605.79 

56.26 

10456.37 

6692. 65 

59.37 

10701.11 

4179,51 

59.64 

10948.16 

9466.37 

60.58 

11197.12 

9753.23 

61.29 

11447.66 

10040.89 

61.96 

11700.24 

10  326.  45 

62.61 

11954. Cl 

10613. 81 

63.23 

12209.61 

10900.67 

63.62 

12460.33 

. 11187. 5 J 

64.39 

12724.45 

11474.39 

64.94 

12963.72 

11761.25 

65.46 

13244.13 

12048.11 

65.97 

135-5.61 

12334. 97 

06.45 

13766.1) 

12621.83 

66.92 

14031.55 

129" 6. 69 

67.37 

14295.89 

13195.55 

67.61 

14561.09 

13462.41 

66.23 

14627.10 

13769.27 

06.63 

1S093.B7 

14056. 11 

69.92 

15361.36 

14342.99 

69.43 

19629.54 

14629.  95 

69.76 

15899.37 

14916.71 

70.11 

16167.83 

15203.57 

70.45 

16437.87 

15490*41 

ai5 


o 


447, 15 

513. C7 

722.2 

70.76 

16706.47 

15777.29 

451. 4b 

525.49 

735.3 

71.10 

16979.60 

16064.15 

455. 06 

537.92 

746.5 

71.41 

17251.25 

10351.31 

459.61 

553.38 

761.6 

71.71 

17523.36 

16617. 87 

4o3.90 

562.66 

774.7 

72.00 

17795.97 

16924.71 

467. 93 

575.35 

767.9 

72.26 

16069.33 

17211.59 

471.93 

567.67 

601.3 

72.55 

16342.46 

17496.45 

475.60 

600.41 

614.1 

72.62 

18616.32 

17785.31 

479.65 

612.96 

627.3 

73.07 

16690.56 

19672.17 

463.45  . 

625.53 

840.4 

73.32 

19165.16 

16359.93 

487.19 

636.12 

653.5 

73.57 

19443.14 

16645.6) 

490.66 

653.72 

666.7 

73.60 

19715.45 

16932.75 

494.52 

663.34 

879.6 

74.03 

19991.06 

19219.61 

*96. 11 

675.97 

892.9 

74.25 

20267.03 

19506.47 

501.65 

688.61 

906.1 

74.47 

20543.27 

19793.31 

505.14 

701.27 

919.2 

74.06 

23619. 63 

20080.19 

506.56 

713.94 

932.3  . 

74.69 

21096.63 

20367.95 

511.99 

726.63 

945.4 

75.39 

21373.67 

26653.91 

515.34 

739.32 

*956.6 

75.26 

21651.93 

20940.77 

516.66 

752.03 

971.7 

75.47 

21928.57 

21227.61 

521.93 

764.74 

964.8 

75.66 

22206.36 

21514.4) 

525.16 

777.47 

996.0 

75.64 

22464.41 

21631.35 

528.35 

790.21 

1011. 1 

76.02 

22762.66 

22086.21 

531.51 

6m  2<9o 

1324.2 

76.19 

23b41.11 

22375.07 

534.62 

615.71 

1037.4 

76. 3o 

23319.83 

22661.91 

537.70 

626.46 

1053.5 

76.52 

23598.66 

22946.79 

540.71.  . 

641.25 

1063.6 

70.66 

23677.71 

23235.65 

543.75 

654.03 

1976.6 

76.64 

24156.95 

23522.51 

546.72 

6o6.62 

13  69.9 

76.99 

24436.36 

23609.37 

549.66 

o79.62 

1103.0 

77.14 

24715.95 

24096.23 

552.57 

892.43 

1116.2 

77.29 

24995.73 

24363.09 

555.4b 

905.24 

1129.3 

77.43 

25275.63 

24669.95 

556. <6 

915.06 

1142.4 

77.57 

25555.67 

24956.81 

561. u9 

930.89 

1155.5 

77.71 

25635.68 

25243.6 7 

563.87 

943. 72 

1160.7 

77.84 

26116.23 

25530.5? 

566.63 

956.56 

1161.6 

77.97 

26396. 73 

25617.39 

569.35 

969.41 

1194.9 

70.10 

26677.36 

26194.24 

572.34 

967.26 

1206.1 

76.23 

26956.12 

26391.1) 

574.71 

*95.U 

1221.2 

76.35 

27239. Cl 

26677,95 

57/. 34 

130*. 91 

1234.3 

76.47 

27529. dl 

26964.82 

579.95 

1023.85 

1247.5 

76.59 

27061.16 

27251.69 

562.54 

1333.72 

1260 .6 

76.71 

26082.43 

27530.54 

565.U 

1940.64 

1273.7 

76.02 

26363.76 

27825.49 

567.63 

1059.49 

1266.9 

76.93 

20645.23 

26112.26 

590.14 

1072.36 

1330.0 

79.64 

26926.61 

26339.12 

Al6 


NO  OF  CATS*  1 


HOLDING  POWER* 


1900C.O 


NTFT 


21.8457 

length  of 

LINE  1500.0 

PQINTSliO 

VERTICAL 

FORCE 

X 

y 

S 

SLOPE 

TENSION 

vfor: 

O.bO 

0.  Ou 

0.0 

9.00 

10C00.03 

0.31 

15. 15 

.25 

15.2 

1.90 

10003.46 

330.91 

30.26 

1.00 

30.3 

3.79 

10P21.69 

661.91 

<>5.36 

2.25 

45.5 

$.67 

19*49.16 

992.91 

60.43 

3.95 

60.6 

7. $4 

10u67.26 

1323.97 

75.62 

O.  24 

75.0 

9.40 

14136.02 

1654.9$ 

50.32 

0.94 

90.9 

11.23 

10195.29 

1905.95 

105.13 

12.14 

1U6.1 

13.04 

10264.90 

2316.94 

115.64 

15.76 

121.2 

14.63 

10344.64 

2647.94 

134.42 

19.06 

136.4 

16.59 

19434.27 

2976.93 

166.60 

24.  42 

151.5 

16.31 

10533.55 

3309.92 

164.15 

29.  4» 

* 166.7 

20.01 

1C642.19 

3640.91 

177.35 

44.79 

101.0 

21.66 

10759.93 

3971.91 

151.35 

40.56 

197.0 

23.26 

10666.46 

43F2.9) 

205.18 

46.76 

212.1 

24.66 

11421. 4$ 

4633.09 

216.84 

53.31 

227.3 

26.40 

11164.60 

4964.99 

232.32 

60.24 

242.4 

27.91 

11315.75 

5295.67 

245.02 

67.49 

257.6 

29.37 

11474.39 

5626.67 

256.73 

75.0  0 

272.7 

30.79 

11640.29 

5957.6$ 

271.65 

83.04 

287.9 

32.17 

11613.11 

6296.6$ 

264.30 

91.21 

303.4 

33.50  * 

11992.59 

6619.64 

256.52 

99.  72 

316.2 

34.60 

12176.43 

6950.63 

305.26 

10  6.50 

333.3 

36.06 

12373.33 

7261.  63 

321.41 

117.55 

348.$ 

37.26 

12566.02 

7612.83 

<133.  37 

126.85 

363.6 

36.46 

12771.22 

7943.61 

345.16 

136.44 

376.6 

39.61 

12979.69 

6274.83 

356.72 

146.17 

393.9 

40.71 

13193.17 

6605.  79 

366.11 

156. 16 

449.1 

41.79 

13411.42 

0936.79 

375.31 

1«6.36 

424.2 

42.62 

33634.21 

9267.76 

390.34 

176.75 

439.4 

43.03 

13661.33 

9596.77 

401.10 

167. 34 

454.5 

44.60 

14092.56 

9929.7$ 

611.04 

196. IF 

469.7 

45.74 

14327.73 

10260.76 

422.33 

209.04 

464.0 

46.  *5 

14566.5 i 

10591.7$ 

632.64 

229.13 

500.0 

47.53 

14806.99 

10922.74 

442.75 

231.  39 

515.1 

48.36 

15154.79 

11253.  71 

45*. 77 

242. 76 

530.3 

49.20 

15303.7$ 

11564.  72 

462.55 

25<.  92 

545.4 

50.00 

15555.64 

11915.72 

672.26 

265. 99 

560.6 

50.77 

15610.61 

12246.71 

661.76 

277.79 

575.6 

51.51 

16060.56 

12577. 73 

491.11 

209.  71 

590.9 

52.24 

16326.94 

12906.69 

590.32 

901.7$ 

toOb.l 

52.94 

16591. 6< 

13239.69 

509.30 

313.09 

621.2 

53.61 

16657.14 

13570.66 

510.39 

326.14 

63o,4 

54.27 

17124.73 

13901.67 

527,u* 

330.49 

651.5 

5<.91 

17394,50 

14232.  •$ 

535.72 

350.93 

666.7 

55.52 

17666.35 

14563. 6$ 

564.23 

3q 3.  47 

6 ol , 6 

$6.12 

17943.19 

14  694.6$ 

552.61 

376.09 

697.0 

56.70 

16215.93 

15225.64 

$60.06 

760.79 

712.1 

57.27 

10493.49 

15556.63 

569.00 

401.56 

727.3 

57.61 

16772.76 

15067.6? 

$77.01 

414.44 

742.4 

56.34 

19L53.73 

16210.61 

$64.90 

<27.  37 

757.6 

56.06 

19336.22 

16549.61 

592.66 

499. 97 

772.7 

59.36 

19620.26 

16660.61 

600.4$ 

453. 44 

767.9 

59.64 

19905.75 

17211.59 

607.90 

466.57 

603.0 

60.32 

20192.63 

17542.56 

615.35 

<79.77 

616.2 

60.77 

204tt3.6< 

17873. 57 

Q 


O 


622. r- 

693.b2 

633.3 

61.22 

20770.32 

18206.57 

629.  9<* 

» j6. 33 

868.5 

61.65 

21061.03 

18535.56 

637.39 

519.69 

863.6 

62.07 

21352.91 

18866.55 

666.16 

533.1b 

678.8 

62.68 

21665.91 

19197. 56 

651.09 

>66. So 

893.9 

62.88 

21960.00 

19528.51 

657.96 

563.07 

909.1 

63.27 

22235.13 

19859.53 

666.72 

573.63 

926.2 

63.65 

22531.25 

20198.52 

671.66 

567.22 

939.6 

66.02 

22628.32 

20521.51 

677.99 

60w« 87 

956.5 

66.38 

23126.32 

20852.5) 

666. 5w 

616.55 

969.7 

66.73 

23625.21 

21183.5) 

690.93 

628.27 

986.8 

65.  U7 

23726.95 

21516.69 

697.26 

66^. C3 

1000.0 

65.60 

26025.51 

21865.68 

703.56 

655.62 

1015.1 

65.73 

26326.66 

22176.67 

709.73 

669.65 

1030.3 

66.06 

26628.96 

22567.66 

715.65 

b6  3. 51 

1C65.6 

66.35 

26931.81 

22838.66 

721.69 

69  7.61 

10  60.6 

66.65 

25235.36 

23169.65 

727.66 

711.33 

1.75.7 

66.95 

25539.59 

23500.66 

733.75 

725.29 

13  90.9 

67.26 

25666.66 

23831.6) 

739.56 

739.28 

. 1106.0 

67.52 

26150.00 

26162.62 

765.36 

753.29 

1121.2 

67.79 

26656.16 

26693.62 

751.  06 

767.33 

1136.6 

68.06 

26762.67 

26826.61 

756.6b 

781.60 

1151.5 

68.32 

27U7U.17 

25155.69 

762.23 

745.69 

1166.7 

66.58 

27378.62 

25686.39 

7b7. 73 

6C9.61 

1161.8 

68.83 

27686.61 

25817.39 

773.16 

823.75 

1197.0 

69.07 

27995.31 

26168.38 

778.56 

637.91 

1212.1 

69.31 

28366.72 

26679.37 

783.86 

852. C9 

1227.3 

69.56 

28616.60 

26810.36 

789.15 

866.30 

1262.6 

69.77 

26926.96 

27161.35 

796.36 

890.53 

1257.6 

76.00 

29235.76 

27672.35 

749.51 

o96.78 

1272.7 

79.22 

29567.01 

27803.36 

806.61 

909.06 

1267.9 

70.63 

29656.68 

28136.33 

609.66 

923.33 

1303.0 

70.66 

30170. 7» 

28665.32 

816.66 

937.63 

1316.2 

76.65 

30683.26 

28796.31 

819.60 

951.95 

1333.3 

71.05 

36796.10 

29127.31 

826. 5i 

966.29 

1366.5 

71.25 

31109.36 

29658.3) 

629.3b 

980.65 

1363.6 

71.66 

31622.95 

29789.29 

6.36.  16. _ 

495. 02 

1378.8 

71.63 

31736,91 

331f".2J 

836.89 

1369.61 

1393.9 

71.82 

32051.21 

30651.27 

863.6b 

U23.81 

1609.1 

72.00 

32365.86 

30782. 27 

868.26 

1038.23 

1626.2 

72.18 

32680.83 

31113. 26 

652.67 

1052.66 

1639.6 

72.36 

32996.07 

31666.25 

857.66 

1067.10 

1656.5 

72.53 

33311.65 

31775. 26 

861.97 

)b91*56 

1669.7 

72.70 

33627.52 

32106.23 

866.65 

-.96.06 

1686.8 

72.87 

33963.68 

32637.23 

67«. 69 

1110.52 

150b. 0 

73.03 

36260.13 

32760.22 

A18 
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S U P E R C A T 


NO  OF  CATS*  1 HUkOXNC  POKER*  ICSQu.O 


MTFT  21.8457 

LENGTn  OF 

LINE  1500.0 

POlNTSlCO 

VERTICAL 

FORCE 

X 

Y 

S 

SLOPE 

TENSION 

VFORCE 

0.0b 

0.00 

0.0 

0.00 

1U800.C3 

0.01 

15.15 

.23 

15.2 

1.76 

10805.07 

330.99 

30.2o 

• 93 

30.3 

3.51 

10620.27 

661.9) 

45.39 

2.09 

45.5 

5.25 

10645.55 

992.9) 

60.45 

3.  7m 

60.6 

6.99 

10663.65 

1323.97 

75.46 

5.77 

75.8 

6.71 

10926. b6 

1654.96 

90.40 

8.29 

9*. 9 

10.42 

10981.07 

1965.95 

105.26 

11.25 

106.1 

12.11 

11045.73 

2116.94 

120.03 

14.64 

121.2 

13.76 

11119.67 

2647.94 

134.69 

18.46 

136.4 

15.42 

11203.33 

2978.93 

149.24 

22.  7« 

151.5 

17.04 

11295.82 

3309.92 

163.66 

27.34 

1 6b  • 7 

16.63 

11397.23 

3640.91 

177.95 

32.37 

181.8 

20.19 

11507.22 

3971.91 

192.10 

37.79 

197.0 

21.72 

11625.62 

4302.91 

206  lu 

43.59 

212.1 

23.22 

11752.15 

4613.89 

219.94 

49.74 

227.3 

24.69 

11466. 55 

4964. u) 

233.63 

56.24 

242.4 

26.12 

12020.56 

5295.87 

247.15 

63.07 

257.6 

27.52 

12177.92 

5626.67 

260.50 

70.24 

272.7 

26.60 

12334.35 

5957.86 

273.68 

77.71 

287.9 

36.21 

12497.59 

6288.85 

286.69 

85.48 

303.0 

31.51 

12667.37 

6619.84 

299.52 

9o.54 

318.2 

32.77 

12643.45 

6950.63 

312.17 

101.68 

333.3 

33.99 

13025.55 

7281.83 

324.04 

110.48 

348.5 

35.16 

13213.44 

7612. 02 

336.94 

119.33 

363.6 

36.34 

13406.07 

7943.61 

349.05 

126.43 

378.0 

37.46 

13605.60 

6274.61 

360.99 

137. 76 

393.9 

36.55 

13809.41 

6605.79 

372.75 

147.31 

409.1 

39.61 

14016.07 

6936.79 

384.34 

157.07 

424.2 

40.63 

14231.36 

9267.7) 

395.75 

167.04 

439.4 

41.63 

14449.10 

9598.77 

406.99 

177.20 

454.5 

42.66 

14671.07 

9929.76 

418.06 

187.55 

469.7 

43.53 

14697.0) 

10260.76 

428.96 

196.07 

484.8 

44.44 

15126.97 

10591.75 

439.69 

20  6.76 

500.0 

45.12 

1536b. 54 

10922.74 

450.26 

219.62 

515.1 

46.16 

15597.64 

11253.71 

460.67 

230.62 

530.3 

47.01 

15636.11 

11584.72 

470.93 

241.78 

545.4 

47.61 

16061.60 

11915.72 

481.03 

25  3.07 

56C.6 

46.59 

16328.56 

12246. 71 

490.97 

264.50 

575.8 

49.35 

16579.26 

12577. 7J 

5*0.77 

276. ub 

590.9 

56.06 

16830.76 

12906. 69 

510.42 

287.74 

606.1 

50.79 

17005.94 

13239.68 

519.92 

299.54 

621.2 

51.49 

17343.69 

13570.6) 

529.29 

311.45 

636.4 

52.16 

17603.87 

13901.67 

538.51 

523.47 

b5l  .5 

52.41 

17866.41 

14232.66 

547.61 

335.59 

o6o.7 

53.44 

18131.19 

14561.65 

556.97 

347.81 

681.6 

54.05 

18698.11 

14894.65 

565.40 

3bu. 12 

697.8 

54.65 

18667.08 

15225.64 

574.10 

372.52 

712.1 

55.23 

18938.02 

15556.61 

582.66 

385.01 

727.3 

55.79 

19213.84 

15887.62 

591.14 

397.58 

742.4 

56.34 

19465.47 

16218.61 

599.47 

410.23 

757.6 

56.67 

19761.62 

16549.61 

607.70 

422.96 

772.7 

57.39 

20339.62 

16880.61 

615.81 

435.7b 

767.9 

57.69 

20319.42 

17211.59 

623. Sw 

446.63 

803.0 

56.36 

20600.54 

17542.5) 

631.69 

461.56 

818.2 

56.66 

20883.12 

17873.57 

A19 
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c 


639.46 

474.56 

633.3 

59.32 

21167.10 

10294.57 

647.16 

437.62 

846.5 

59.77 

21452.43 

19535.56 

656.73 

500.74 

063.6 

60.21 

21739.46 

16666.55 

662.21 

513.92 

676.6 

60.66 

22C26.91 

19197.54 

669.59 

527.15 

693.9 

61.06 

22316.00 

19526.53 

676. 68 

540.44 

909.1 

61.46 

22606.21 

19659.51 

664. C7 

5»3.  77 

924.2 

61.66 

22697.53 

20190.52 

691.17 

5o7. 16 

939.6 

62.24 

23169.92 

2*521.51 

696.16 

560.59 

954.5 

62.62 

23461.33 

20652.51 

705.lt 

594.06 

969.7 

62.99 

23777.73 

21163.50 

711.95 

o07. 5a 

984.6 

63.36 

24073.08 

21514.49 

716.70 

621.14 

1030. o 

63.69 

24369.34 

21645.49 

725.36 

634.75 

1315. 1 

64.  J3 

24666.49 

22176.47 

731.97 

64  6.39 

103C.3 

64.37 

24964.49 

22507.46 

736.69 

6o2. 07 

1045.4 

64.69 

25263.31 

22939.45 

746.93 

675.78 

1060 .6 

65.01 

25562.01 

23169.45 

751.29 

069.53 

1075.7  . 

65.32 

25663.31 

23500.44 

757.56 

70  3. 3c 

1C90.9 

65.62 

26164.43 

23031.43 

761.80 

717.11 

• 1166.0 

65.92 

26466.26 

24162.42 

769.95 

73  0.96 

1121.2 

66.21 

26766.79 

24493.42 

776.02 

766. 66 

1136.6 

66.49 

27071.96 

24924.41 

762.03 

75  6.  77 

1151.5 

66.76 

27375.60 

25155. 49 

767.96 

772. 7», 

1166.7 

67.03 

27660.25 

25496. 39 

793.66 

766.67 

1161.6 

67.30 

27965.31 

25917.39 

799.67 

600.66 

1197. C 

67.56 

26299.95 

26146.19 

605.63 

614.66 

1212.1 

67.01 

26597.15 

26479.37 

611.12  . 

025.72 

1227.3 

60.06 

26903.90 

26810.36 

616.75 

642.76 

1242.6 

66.30 

29211.19 

27141.35 

622.32 

556.67 

1257.6 

66.54 

29519.97 

27472.35 

627.84 

673.96 

1272.7 

66.77 

29627.26 

27603.34 

833. 3y 

665.12 

1267.9 

69.00 

30136.03 

26134.33 

638.7. 

699.27 

1303.6 

69.22 

30445.27 

26465.32 

644. w4 

913.65 

1316.2 

69.44 

30754.96 

26796.31 

649.34 

92  7.65 

1333.3 

69.66 

31065.09 

29127.31 

654.56 

941.06 

1346.5 

69.67 

31375.65 

29456.31 

659.77 

956.10 

1363.6 

70.07 

31666.62 

29769.29 

664.91 

970.35 

1376.6 

70.27 

31997.99 

30120.26 

670.00 

964.62 

1393.9 

70.47 

32309.75 

30451.27 

675.64 

996,31 

1409.1 

70.67 

32621.64 

3J792.27 

1013.22 

1424.2 

70  .*6 

32934.40 

31113.26 

064.96 

1027.56 

1439.6 

71.04 

33247.27 

314*4.25 

669.07 

1041.67 

1654.5 

71.23 

33560.49 

31775.24 

694.73 

1056.23 

1469.7 

71.41 

33974.04 

32106.23 

699.54 

1C70.6W 

1466.6 

71.56 

34197.92 

32437.23 

906.30 

1064.96 

15UO.O 

71.76 

34502.12 

32766.22 

A20 


NO  OF 
NTFT 


o 


UPiKCU 


CATS*  1 HOLDING  P04ER*  11250.0 


21.8057 

LENGTH  OF 

LINE  15*0.4 

X 

Y 

s 

0.00 

9.C* 

0.0  . 

15.15 

.22 

15.2 

3b. 29  ' 

.09 

30 . 3 

Oa.OO 

2.  CO 

09.5 

60.07 

3.95 

60.6 

75.05 

5.50 

75.4 

90.00 

7.96 

9C.9 

105.32 

10.01 

106.1 

120.12 

10.07 

121.2 

130.02 

17.75 

136.0 

109*01 

21.03 

}51.S 

163.60 

26.  3C 

166.7 

O79.C0 

31.15 

101.0 

192.06 

36.30 

197.0 

206.50 

01.90 

212.1 

220.07 

07.92 

227.3 

230.26 

50.21 

202.0 

207.09 

60.02 

257.6 

261.36 

67.76 

272.7 

270.67 

75. C* 

207.9 

207.01 

0 2.50 

303.0 

3C9.70 

94.37 

310.2 

313.59 

90.06 

3 33 . 3 

326.22 

106.03 

300.5 

330.60 

11  a. 00 

363.16 

*’50.90 

120.3C 

370.0 

-63.09 

133.03 

393.9 

375.00 

102.71 

009.1 

306.02 

152.20 

h20.2 

390.03 

161.90 

h39.0 

009.00 

171.91 

050.5 

021.  16 

102. a3 

069.7 

032.26 

192.32 

OOh.  0 

003.22 

2w  2. 00 

500.0 

050.01 

213.  *.3 

5 15 . 1 

060.60 

220.22 

5 30 . 3 

079.12 

235.17 

505.0 

005.00 

206.26 

560.6 

095.62 

257.00 

?75.8 

505.65 

2ud. Oh 

59b.  9 

515.63 

200.32 

606 . 1 

525  z: 

291.93 

621.2 

530.07 

30  3.65 

636.0 

500.33 

315.00 

651 . 5 

55<>.66 

427.02 

66o.7 

562.06 

339.06 

6 01.0 

571.93 

351.60 

697. < 

500.07 

363.  03 

712.1 

509.60 

376.1a 

7 27.3 

594.30 

380.5o 

702.0 

606.96 

001.35 

757.6 

615.02 

hi  3. 62 

772.7 

623.76 

‘ h26. 27 

707.9 

632.00 

030.99 

003.0 

600.12 

451.70 

010.2 

POINTS1CO 

VERTICAL 

FORCE  0 

SLOPE 

TENSION 

VFORCE 

0.08 

1125*. 03 

0.09 

1.69 

11250.07 

330.99 

3.37 

11269.06 

661.90 

5.00 

1U93.70 

992.99 

6.71 

11327.60 

1323.97 

0.37 

11371. L9 

1650.96 

13.01 

11023.90 

1905.95 

11.60 

11006.11 

2316.90 

13.20 

11557.02 

2607.90 

10.03 

11637.72 

2970.93 

16.39 

11726.01 

3309.92 

17.93 

11020.90 

3600.91 

19.05 

11930.57 

3971.91 

20.93 

12C00.01 

03u 2. 93 

22.39 

12166.90 

0633.09 

23.01 

12296.05 

0960.40 

25.21 

12030.13 

5295. 07 

26.57 

12570.72 

5626.07 

27.91 

12730.22 

5957.06 

29.21 

12000.05 

6290.05 

30.07 

13C53.15 

6619. 00 

31.71 

13220.09 

6950.01 

32.91 

13001.03 

7201.01 

30.39 

13503.72 

7612.02 

35.23 

13771.95 

7903.  01 

36.30 

13965.09 

4270. 03 

37.01 

10160.12 

0605.79 

30.06 

10367.63 

0936.79 

39.40 

10575.01 

9267.79 

00.07 

1O700.07 

9590.77 

01.03 

•15005.02 

9929.76 

02.37 

15226. hO 

10260.76 

03.27 

15051.06 

10591. 75 

00.15 

15609.20 

10922.70 

05.01 

15912. 5h 

11253.71 

05.00 

16100.32 

11590.72 

06.65 

16307.04 

11915.7? 

07.03 

16629.62 

12206.71 

00.19 

16070.06 

12577.70 

00.93 

17122.99 

129*0.69 

09.60 

17373.00 

13239.65 

50.30 

17627.02 

13570.60 

51.02 

17003.00 

13901.67 

91.60 

10101.97 

10262.66 

52.31 

10002.79 

10563.65 

52.90 

14665.02 

10890.65 

53.50 

10939.99 

15225.60 

50.13 

19190.21 

15556.63 

50.70 

19067.30 

15007.6? 

55.25 

19730.00 

16210.61 

55.79 

20011.39 

16509.61 
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APPENDIX  C 

ANCHOR  WINDLASS  TEST 
DATA  AND 
CALCULATIONS 


Cl 


c 


PORT  ANCHOR  WINDLASS 
ASR  22  windlass  test  at  PNSY 
while  in  diydock 

TIME 

PUMP 

DISCH. 

PUMP 

SUCT. 

TEMP 

°C 

REPLN 

1330 

1000 

300 

27 

322 

1338 

13U1 

3500 

1150 

300 

280 

28 

28 

320 

315 

1355 

1358 

moo 

1000 

3550 

3700 

300 

300 

290 

31* 

3l* 

3l* 

310 

310 

280 

11*06 

mos 

11*09 

1650 

3600 

1700 

300 

300 

298 

36 

37 
37 

325 

290 

325 

1U15 

1070 

270 

38 

288 

1U18 

1U19 

11*20 

ll*21 

3600 

3800 

i55o 

3600 

305 

280 

280 

270 

38 

39 
39 
39 

290 

270 

355 

290 

1U38 

11*39 

3500 

3650 

280 

300 

U1 

U2 

290 

310 

u*i»5 

11*1*7 

H*50 

3600 

1000 

SECURED 

290 

300 

U2 

U2 

1*2 

290 

290 

1511 

1513 

1515 

1516 
15 18 

1520 

1521 


3300 

3500 

1500 

3500 

1300 

1300 


250 

250 

250 

200 

250 

300 


1*1* 

280 

1* 1* 

270 

1* 1* 

290 

1*1* 

270 

1*1* 

330 

1*5 

3U5 

1526  1300  300 


U6  305 


1530  SECURED 


1*6 


1256 

1308 

1315 


PORT  FWD  WINDLASS 


295 

300 

290 


28 

300 

27-5 

360 

28 

330 

2500 

700 

1350 


C2 


u 


TIME 

PUMP 

PUMP 

TEMP 

REP.UN 

DISCH. 

SUCT. 

°C 

1326 

975 

700 

29-5 

31*0 

1350 

1850 

200 

29 

330 

1357 

3500 

260 

30 

320 

11*03 

1000 

350 

32.5 

310 

11*07 

3500 

250 

33 

320 

STALL  TESTS 

11*35 

3600 

250 

32 

310 

11*1*7 

3650 

250 

33.5 

310 

11*50 

3650 

250 

31*. 5 

300 

1503 

1200 

275 

35 

310 

1510 

950 

300 

36 

300 

1517 

950 

300 

36 

300 

1527 

950 

300 

37 

300 

1600 

1000 

290 

38 

300 

1602 

1100 

300 

39 

31*0 

1603 

1300 

290 

39 

300 

1610 

1200 

300 

39 

350 

1611 

1500 

300 

39 

300 

1615 

1000 

300 

1*1 

700 

1617 

2000 

310 

1*1 

310 

1618 

1000 

220 

1*  2 

300 

1619 

1200 

250 

1* 2 

300 

1630 

1200 

300 

l*o 

290 

161*0 

700 

300 

1*2 

290 

161*5 

1200 

225 

111 

300 

1655 

1500 

300 

1*1* 

300 

1660 

1000 

225 

U5 

285 

1705 

1500 

290 

1*5 

290 

1715 

1000 

300 

1*5 

290 

C3 


G 

CALCULATION  OF  WILDCAT  LOADS 


Load  on  Wildcat  (L^) 


Load  outside  bolster 


o 


Load  Before  Efficiency  of  Bolster 

Bolster  1 } 


65* 

60* 

55* 

50* 

1*5* 

25,000 

38,200 

1*1,600 

1*5,500 

50,000 

55,500 

30,000 

1*6,200 

50,000 

51*,  600 

60,000 

67,000 

35,000 

53,900 

58,1*00 

63,600 

70,000 

78,000 

1*0,000 

61,160 

66,600 

72,700 

80,000 

89,000 

l*5,ooo 

69,1*00 

75,000 

82,000 

90,000 

100,000 

50,000 

77,000 

83,500 

91,000 

100,000 

111,000 

55,ooo 

81*, 600 

91,800 

100,000 

110,000 

122,000 

60,000 

92,000 

100,000 

109,000 

120,000 

133,000 

u 


PIGEON  (ASR  21  ) TEST  CONDUCTED  0”  17  OCT  197U 
PORT  ANCHOR  WISDLES S TEST 


TIKE 

(Mins) 

PIPJP  PSIG 

t 

AMPS 

MOTOR  SUMP 
(Teep) 

03 

285/2S0 

28 

120 

05 

310/300 

27 

120 

10 

325/450 

26 

118 

15 

325/600 

26 

118 

20 

225/350 

26 

124 

25 

320/800 

29 

125 

30 

315/950 

28 

128 

35 

310/900 

32 

131 

40 

310/1050 

•r 

• • • 

45 

270/250 

26 

135 

50 

250/2000 

39  (D 

135 

55 

240/2100 

71<2> 

136 

60 

230/2400 

66<3> 

139 

65 

' 230/2200 

76 

142 

70 

230/2100 

68 

145 

75 

235/1800 

60 

150 

80 

230/1600 

54 

— 

85 

235/1250 

46 

156 

SO 

235/950 

38 

157 

95 

245/750 

30 

159 

MOTE:  (1) 

(2) 
(3) 

Surge  to  74 
Surge  to  80 
Surge  to  83 

C6 
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n 


o 


u 
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CSS  PIGEON  (ASR-21) 


7 October  1974 
San  Diego,  Calif. 


f ANCHOR  WINDLASS  TEST 


PUMP  DISC-H  E 


r*  . « 

IP  CASING 

motor  REPEEN 


TIME 


PSIG 


°F 


AMPS  PSIG REMARKS 


STRAIN 
fror.i  0 


1800 

1815 

1C20 

1625 

1830 


250/125 

250/125 

250/125 

175/200 

190/380 


60 

63 

66 

67 

90 


80 

86 

83 

/*92  60 


24  325 

24  320 


Idle 

Idle 


27  280 

25  330 


Start 

Out 

tt 


/92 


86 


24  355 


+2 

+3 

+4 


1635 

180/750 

98 

/97  66 

24 

350 

i« 

+4-5 

1840 

167/850 

97 

/ 104  88 

26 

340 

n 

+4-5 

1C/.C 

• t • • 

no, 

r,n?  ss 

P.'.O 

SrnT'. 

+5  .1; 

1850 

125/190 

96 

/110  88 

24 

275 

Idle 

+5 

1855 

125/185 

98 

/110  89 

24 

275, 

» Idle 

+5 

1900 

125/187 

• 93 

/ 1 1 2 90 

38 

260 

• In  Haul  +5 

*> 

1905 

125/187 

99 

/ 1 1 2 90 

24 

280 

Idle 

+5 

1907 

100/2000 

101 

0/113  90 

65 

260 

Inliaul 

+5 

1910 

100/1800 

105' 

o 

vO 

60 

260 

ft 

+5 

1915 

100/1700 

107 

4/116  94 

56 

255 

11 

+6 

1920 

187/1600 

106 

5/123  99 

44 

270 

It 

+5 

1925 

125/1500 

106 

5/124  95 

30 

270 

tt 

+6 

1930 

125/1500 

108 

7/125  95 

32 

255 

tt 

+7 

1935 

197/1300 

113 

9/127  60 

44 

250 

tt 

+7 

1940 

187/1000 

114 

1/130  97 

35 

250 

Motor 

Oiicil# 

RVM  +7- 
vith 

ca  link, Idle 


C7 


»- . 


/ 


u 


ii! 

SUMP  CASINO 


TIME 

PUMP 

PSIG 

0DTSCH 

TAN  it  MOTOR  n 

F F 

, 

t* ** 

1945 

125/250 

111 

112/134 

97 

1950 

P5/175 

111 

113/134 

97 

at  liousing 

1954 

125/1500 

112 

114/135 

97 

7 October  197/. 

Son  Diego,  Calif. 

REPLLN  STRAIN 


AMFG_ 

PSTC 

p.nu.nKS 

f rov.  0 

24 

255 

Idle 

+0 

24 

280 

n 

HS 

26 

265 

Housing 

48 

* Inversion  therrior.-.etcr  installed  in  ounsp  tank 


'to  iOJO 
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USS  PIGEON  (ASR-21) 


o 


PORT  ANCHOR  WINDLASS  TEST 


8 October  1974 
San  DJcgo,  Cr! if . 


& 


0 


u 


TIKE 

PUMP 

PSIC 

°F 

S^TIP 

i* 

KOJOR 

F 

RFPL 

PSIG 

KOTOR 

AMPS 

1045 

125/150 

176 

120(148) 

*93 

275 

24 

Lover 

1050 

125/375 

128 

122(14S) 

98 

295 

24 

Lover 

1055 

125/375 

123 

123(148) 

99 

295 

24 

It 

1100 

125/650 

128 

124(149) 

94 

295 

25 

It 

1105 

125/350 

132 

125(150) 

93 

285 

24 

It 

1110 

125/900 

129 

127(154) 

94 

282 

29 

It 

1115 

87/150 

129 

127(154) 

96 

250 

24 

Idle  1 

1120 

£7/150 

125 

126(154) 

97 

250 

24 

tt 

• * • • •» 

1 ,»  • » i ♦ *••  • 

* / • 

• .•  »* 

»l 

1130 

87/150 

124 

126(154) 

98 

750 

24 

n 

1135 

87/2200 

128 

126(154) 

98 

235 

32' 

Raise 

1140 

87/150 

127 

125(154) 

98 

245 

24 

Idle 

1145 

70/2000 

125 

124(154) 

99 

225  > 

68 

Raise 

1150 

70/2000 

128 

128(160) 

100 

220 

65 

It 

1155 

67/1700 

128 

130(162) 

103 

220 

65 

It 

1200 

67/1700 

125 

130(162) 

105 

225 

45 

It 

1205 

70/1500 

129 

131(162) 

105 

225 

51 

It 

1210 

70/1300 

132 

132(166/ 

ICO 

225 

42 

II 

1215 

70/950 

134 

134(166) 

117 

230 

35 

II 

1270 

70/700 

130 

134(167) 

116 

240 

2 4 

tt 

1225 

70/170 

130 

134(167) 

116 

250 

24 

Idle 

•VI.  ;.;l  410 3 


C9 


••  t 


V*/- 


USS  PIGEON  (ASK-21) 


8 October  1974 
San  Piefco,  Cal i f • 


PORT  ANCHOR  WINDLASS  TEST 


•'  IME 

PUMP 

PSIG 

°F 

SUMP 

°F 

MOTOR 

°F 

REPL 

PSIG 

MOTOR 

AMPS 

1230 

125/125 

130 

133(164) 

' 115 

250 

24 

Idle 

1235 

125/125 

130 

133(164) 

115 

250 

24 

ft 

1240 

1245 

1250 

1255 


X 


6 October  1974 

USS  PIGEON  ASP.-21  San  Dit^o,  Cnllf. 

».  *1 


TIME 

POMP 
PS  TO 

o 

F - 

SUMP 

TANK 

o 

F 

motor 

°F 

K t'PLEN. 

Pi  <:ss 
I’S  in 

MOTOR 

AMPS 

0710 

0 

92 

88 

86 

0 

Free 

Pall 

0840 

125/250 

85 

85 

83 

305 

Idle 

24 

0850 

80/1000 

82* 

89(98) 

. 88 

275 

Rot  r e 

38 

0855 

80/1000 

95 

92(102) 

87 

270 

II 

38 

0900 

to/iooo 

98 

95(105) 

88 

270 

II 

38 

0905 

100/950 

99 

97(109) 

90 

265 

ff 

38 

0910 

100/950 

103 

100(111) 

91 

260 

II 

38 

0915 

100/950 

104 

102(116) 

92 

260 

II 

37 

0920 

100/900 

105 

104(120) 

93 

255 

If 

36 

0925 

'•100/900 

106 

105(124) 

94 

255 

II 

36 

0930 

100/900 

1.10 

107(1 26) 

cr-' 

2r-S 

VI 

35 

0935 

100/500 

110 

110(126) 

95 

250 

II 

35. 

0940 

100/050 

110 

112(130) 

96 

250 

II  * 

35 

0945 

100/850 

112 

113(134) 

97 

250 

If 

35  ' 

0950 

100/850 

113 

114(137) 

97 

245 

If 

35  . 

0955 

100/9C0 

115 

116(145) 

97 

245 

II 

36 

1000 

100/700 

117 

117(142) 

98 

245 

If 

36 

»— • 
o 
o 

•jy 

100/1050 

118 

119(145) 

98 

240 

If 

33 

1010 

100/800 

118 

119(148) 

99 

240 

ff 

32 

1015 

100/230 

119 

120(148) 

99 

250 

Idle 

24 

1020 

100/250 

118 

120(148) 

99 

255 

ii 

24 

1025 

ICO/ 20 7 

117 

1 29(14 3) 

9r 

255 

Idle 

24 

1030 

100/600 

116 

120(14,5) 

98 

260 

Poire 

32 

1035 

125/187 

117 

121(14S) 

C11 

98 

260 

Idle 

24 

